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t.o iM Ta oouc T i ca 


This report summarizes the results of the dynamic environmental data taken 
during the first 5 space shuttle flights and STS-9. An evaluation of the data 
and Its application to payloads are primary objectives of this report. 
Methods of payload dynamic environmental prediction developed by Industry and 
several government centers, including prediction programs and loads 
methodologies, will also be discussed. The primary objectives of the low 
frequency flight data evaluation are the verification of analytical prediction 
methods and the compilation of a highly reliable data base. Finally, 
conclusions from the data are presented and recommendations on future 
activities are made. 

The data In this report were acquired and reduced as part of the NASA DATE 
(Dynamic, Acoustic and Thermal Environments) activity, managed by Goddard 
Space Fll^t Center (GSFC). The data base consists of the flight measurements 
recorded on the DATE instrumentation and the Development Flight 
Instrumentation (DFI) system Installed by Johnson Space Center (JSC). 
Marshall Space Flight Center (MSFC) installed tranducers in Spacelab. DATE 
has disseminated its environmental data to the payload community through the 
DATE reports (References 1 through 5). However, to be of benefit to shuttle 
users for the development of payload loads and dynamic environment design and 
test criteria, engineering interpretation must be applied to the data. This 
report is intended to provide guidance to the payload community in developing 
vibration, acoustic and loads criteria for payloads. 

DATE microphones, low frequency accelerometers, and high frequency 
accelerometers were present on flights 2 through 5. DFI microphones and low 
frequency accelerometers were present for all 5 flights. All DATE dynamic 
flight data were obtained ou small pallet payloads. Microphones and high 
frequency accelerometers on STS-9 were provided by MSFC and were on a large 
payload. 


2.0 0fEB?IBV OF IBSULTS 


2.1 Vibration and Acoustics 

The shuttle payload bay acoustic and vibration environments are summarized 
herein for pallet and small payloads based on the first 6 shuttle flights and 
for a large payload (Spacelab) on STS-9. Acoustic data are treated In a 
statistical manner, where appropriate, while vibration data has been 
enveloped. Vlbroacoustlc environments are generally below those predicted 
prior to the first STS flight. There are, however, exceptions to this, namely 
the longeron vibration, localized acoustic discrete tones near the pressure 
equalization vents (Reference 6), and localized acoustic levels around a large 
payload (Reference 12). Vibration requirements for the orblter longeron have 
been Increased. Uncertainties In the acoustic and vibration environments have 
edso been quantified for the first five flights. These uncertainties Include 
data acquisition and reduction errors, spatial bias errors, flight to flight 
variation and spatial deviation from the mean. 

There Is good agreement among NASA centers and Industry In defining small 
payload acoustic environments. However, It Is generally agreed by the DATE 
Working Group members that there are still significant deficiencies In the STS 
payload data base. In particular, the influence of large payloads, the 
acoustic environment near the payload bay doors, the acoustic discrete tones 
and the effeots of the mechanically transmitted random vibration have not been 
well defined. A better statistical base for defining uncertainties In the 
environment Is desired. The effect of future changes such as uprated engines, 
launches from the Western Test Range and shuctle configuration changes are 
unknown without more data. Additional flight dynamic data will allow a 
reduction of the uncertainty factors used In defining the vlbroacoustlc 
environments. This will eliminate overly conservative test levels, and reduce 
test failures, schedule slips and cost Impacts. 

The most severe vlbroacoustlc environments occurred during liftoff but some 
frequencies were dominated by acoustic discrete tones during transonic flight. 
The acoustic environment In the bay was uniform except for the areas near the 
bay perimeter. Higher levels were also measured near the payload bay doors 
and on the large Spacelab module. 

The average payload bay acoustic level at liftoff of the first 5 flights was 
132.9 dB overall (OA). When the microphones mounted on payloads are 
considered by themselves, the level Is 131.8 dB and there Is less scatter In 
the data. Acoustic levels were highest and had greater scatter at the bay 
perimeter. Average perimeter levels for the 5 flights was 135.3 dB. Discrete 
acoustic tones from the pressure equalization vents were significant In 
loc llzed areas of the payload bay. Multiple discrete tones from the pressure 
equalization vents were present at frequencies from 280 Hz to 340 Hz. The 
one~ third ootave band level of the discrete tones was as high as 134 dB at the 
bay sidewall on ST”-2. More generally, the level was 128-130 dB at the bay 
perimeter and was much less Intense at the pallet payloads. 

Some flight data Indicates there are higher localized acoustic levels around 
large payloads. The only pallet data on the first five flights which 
demonstrated a definite payload effect was measured between the payload bay 
wall and the orblter bridge fitting. This was further substantiated on STS-9. 
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Acoustic data on Space Lab shows a definite Increase In acoustic levels for a 
large diaaeter payload. 

Vibration environments on the pallet at Its attach points were well below 
those at the orblter payload support structure. Vibration on the pallet sill 
trunnions was as high as 0.02 g 2 /hz for the first 5 flights, while levels on 
the orblter sill longeron were 0.1 G^/Hz. Measured keel orblter fitting 
vibration was as high as 0.02 G2 /Hz. The highest levels were seen on pallet 
experiment shelves. Levels there were as high as 0.2 G^/Hz at 320 Hz. 

Small payload acoustic predictions agree well (within ±2 dB) among the 
contributing organizations. Various payload acoustic environment prediction 
methods used by each contributing NASA and Industrial facility and opinions on 
how to predict large payload environments differ widely. Some centers do not 
account for large payload Influences. However, among centers that do account 
for large payload effects In the local acoustic environment, predictions 
generally agree well. Most methods for predl'^tlng acoustic environments 
Involve averaging of all or a specific portion of the microphone data. 
Probability levels and flight to flight variability are typicedly added to 
the mean levels. Another method Is to envelope all the data In the payload 
oay. PACES (Payload Acoustic Environment for Shuttle), a computer code. Is 
also available for predicting large payload effects. 


2.2 Low Frequency Vibration 

The loads or low frequency vibration environment Is, In general, dependent on 
the dynamic characteristics of the coupled payload/launch vehicle system and 
the frequency content of the external forcing functions. The objectives of 
flight response measurements In the low frequency or loads regime differ from 
the objectives of the vlbroacoustlc regime. The former alms to define 
Instrumentation for the verification of methodology, while the latter aims to 
define the flight envli^nment statlstlcidly. 

In light of these objectives, the low frequency (0-50 Hz) response data Is 
examined In two areas. First, the degree of repeatability or fllght-to-flight 
variation of the responses are studied. For nearly Identical systems, such as 
STS-2 through ST.*^-5« repeatability Is an Indication of the variations In the 
forcing functions. Such data are valuable In establishing realistic forcing 
functions for future missions. Next, the flight responses are compared to 
analytical predictions, specifically upper bound and nominal design cases from 
prefllgbt analyses as well as analytical predictions from post-flight 
reconstruction analyses. The accuracy and adequacy of the existing flight 
data are discussed and recommendations for future acquisitions are made. 

Low frequency response measurements made on STS-1 through STS-5 varied In 
number from 9 on STS-1 to a total of 33 on STS-3. These data were mainly 
utilized to assess the adequacy of the load prediction process In only the 
overall sense. Few, If any, detailed analyses were performed for such an 
evaluation. In making such assessments it Is Important to examine the 
accuracy and adequacy of the flight data. For the purpose of evaluating the 
loads methodology, the existing data had limitation In frequency response. 
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Kurtnermore, some of the payload fflathematlcal models did not have the fidelity 
desired for such an evaluation. It should also be noted that flights STS-2 
through STS-5 carried relatively light payloads; thus the data obtained from 
these flights are not necessarily representative of future payloads which will 
be heavier. 

Given the above limitation, the loads data can be summarized as follows. The 
overall responses measured were generally within predicted levels for liftoff, 
landing, and the various quasi-static events. For liftoff, the Solid Rocket 
Booster (SRB) Ignition rather than the Space Shuttle Main Engine (SSME) 
Ignition produced the peak accelerations. Most landings were relatively 
benign due to low sink rates. STS-3 was an exception and resulted in some 
predictions being exceeded. Significant repeatability was observed in the low 
frequency responses at liftoff up to about io Hz. An apparent lack of 
correlation between flight and analysis was observed at frequencies between 
10-50 Hz. Responses at 3 Hz were apparently underpredicted. 

The above observations are deliberately stated as apparent since there are 
limitations In the frequency response of the flight data. 

In general. Improved correlations between analytical predictions and flight 
data are needed to achieve the desired confidence In the ability to predict 
the flight loads. It should also be noted that this problem has been 
recognized by the launch vehicle community and that efforts to correct this 
are under way. 
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The STS v«hlole and dynanlc Instrumentation configuration, Instrumentation 
locations and dynamic data system errors for the data In this report are 
discussed In the following subsections. 

3.1 Launch Vehicle Configuration 

The STS configuration for the data taken during the first 5 flights and flight 
9 la summarized In the Table 3-1 below (Reference 7). All payload p£dlets on 
these flights were of the type developed by the European Space Agency (ESA), 
except for the Development Flight Instrumentation (DFI) pallet. 

Table 3-1. Lannoh Teiiiole Configuration 


a. 

b. 

c. 

d. 

e. 

f. 
s. 

h. 

1 . 



1 STS 
1 1 

STS 

2-4 

STS 

5 

OV-102 vehicle 

1 

1 X 
1 

X 

X 

Launch from Kennedy Space Center (KSC) 

I 

1 X 
1 

1 X 

X 

No thrust augmentation 

I 

i X 
1 

1 X 

X 

Full thermal radiator panels 

1 

1 X 
1 

1 X 

X 

Payload bay vents open at all times 

1 

1 X 
1 

1 X 

X 

Payload bay with ESA pallet payloads 

1 

1 

1 

1 X 

X 

Payload bay with DFI pallet payload 

1 

1 X 
1 

1 X 

X 

Payload bay with DFI pallet and 
TELESAT payloads 

Large diameter payload 

1 

1 

1 

1 

1 

1 


X 


STS 

9 

X 

X 

X 

X 

X 

X 


X 


3.2 Flight Data System 

Shuttle dynamic Instrumentation for STS-1 through 5 and 9 consisted of 
microphones, low frequency accelerometers and high frequency accelerometers. 
The number and location of STS microphones and accelerometers were unique for 
each shuttle flight. These transducers were part of three separate data 
recording systems: the Development Flight instrumentation (DFI), the Dynamic, 
Acoustic and Thermal Environment (DATE) Instrumentation and Instrumentation 
Installed by MSFC. The DFI system was used on each of the llrst five flights 
of the shuttle. DATE measurements were taken on flights 1 through 5 and MSFC 
measur«iments were taken on STS-9. 

Payxo*^ bay microphone locations for the first 5 flights are Illustrated In 
Figures A-1 A-4 in the appendix. Appendix Figure A-5 shows the STS-9 
microphone locations, nigh frequency accelerometer locations on payloads and 
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in i.hA pAvinad hay ara shown In the appropriate vibration data plots. DPI low 
frequency accelerometers are shown In Figure A>6. The numbers of DATE, DPI 
and MSEC accelerometers and jilorophones on each flight are summarized in 
Table 3-2 below. A further breakdown of the low frequency accelerometers Is 
given by flight in Table 3-3. A listing of the tranducers on each flight may 
be found in Tables A-1 through A-8, in the Appendix (References 1 through 5). 
No acoustic data has been taken in the forward one-third of the payload bay 
except for the foirward bulkhead microphone. 


Wkle 3-2. SIS Instromentation Snmmrj 


Flight 

1 DPI Low 
1 Frecuenc^ 
1 Aocel- 
1 erometers 

1 DATE Low 
1 Frequency 
1 Aocel- 
1 erometers 

1 DATE Mid | 

1 Frequency | 
1 Accel- 1 

1 erometers j 

DPI 

Micro- 

phones 

1 DATE 
1 Micro- 
1 phones 
1 

1 

1 

1 9 

1 

1 0 
1 

1 1 
1 0 1 
1 1 

4 

1 

1 0 
1 

2 

1 

i 9 

1 

1 10 
1 

i t 

1 8 1 
t 1 

4 

1 14 

1 

3 

1 

1 9 

1 16 
1 

i 14 1 

1 1 

4 

1 8 
1 

4 

1 

1 9 

1 16 
1 

1 14 1 

1 1 

4 

1 8 
1 

5 

1 

1 9 

1 16 

1 1 

1 0 1 

4 

1 

1 7 


1 

iSpacelab 

|Low Frequency |Mid Frequency | 

1 Accelerometers 1 Accelerometers | 
1 1 1 

1 

Microphones | 

1 9 

1 

1 29 

1 

' 1 1 

1 31 1 

1 1 

3 1 

1 


DPI Instrumentation 

Installation and calibration of the DPI transducers was the responsibility of 
JSC. DPI channels were recorded on the Ascent Recorder and the Mission 
Recorder. Most of the DPT data channels were allocated to monitoring the 
orblter structure and subsystems. There were only 4 microphones internal to 
the bay and 9 low frequency accelerometers at the aft bulkhead, sill and keel 
longerons. The DPI accelerometers and microphones for all five flights were 
mounted at identical locations within the payload bay. The DPI microphones 
were of the piezoelectric vibration compensated type and were Installed at the 
orblter ba<' fore and aft bulkheads, the bay side wall and on the DPI pallet 
Itself. Internal DPI microphones were manufactured by Qulton Industries, 
model uumber MC449-091-003. External microphones were model number MC449- 
0191-002. DPI microphone locations are given in Table A-3. 

DPI low frequeroy accelerometer transducers were manufactured by Sunstrand, Q- 
Flex Model No. ME-449-0208. The sampling rate for these accelerometers was 
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ICC saspiss/sdoouu. The response was flat to within ^2$ trom 0 to Hz, down 
291 (3dB) at 20 Hz, and rolled off at 18 dB/octave above that. Two of these 
transducers were located in the crew cabin approzlnately on the vehicle 
centerline aeasurlng Y and Z accelerations. Three transducers were mounted on 
the sill longeron, two on the port or left-hand side and one on the staj*board 
or right-hand side, all measuring Z direction acceleration. One accelerometer 
was mounted to measure keel longeron Y direction response. The remaining 
three measurements were made on the aft fuselage bulkhead recording the Z, Y, 
and Z acceleration responses. A detailed definition of the locations of these 
transducers is contained in Table A-2 and Figure A-6, and also in References 1 
through 5. 


Table 3-3. Soamanr of Low Frequoiw^ looeleratlon Heaeursmenta 
for Orblter falilole Wo, 102, SlS-1 Throagb SIS-5 


I 


I 


STS fAYLOAD 
Wk (P/L)' 


1 

2 05TA 

3 05S-1 

4 OOD 

5 lElfSAT 


DFI 

INSTRUMENTATION 

(H5HZ 


DATE EXPERIMENT INSTRUMENTATION 

O-SOHZ I LS-50KZ 


OTHER 


ORBITER ORBITER RESPONSE 

INPUT TO INPUT TO OF 

DFI P/l OFI P/L OFI P/L 


9 5 - 1 3 3 3 

9 6 - - - - 10 

9 “ 4 $ *31 

9 - 6 6 -31 






L X t . 4 


V:, 




uAxfi instruaencation 

DATE instrumentation Installation and calibration was the responsibility of 
Goddard Space Flight Center (GSFC). Both low and high frequency 
accelerometers were used in the DATE instrumentation package. DATE 
microphones were Endevoo model number 2510 and were vibration Isolated. High 
frequency accelerometers were also manufactured by Endevco, model numbers 
2271 A and 2271AM. The low frequency Instrumentation flown as part of the DATE 
experiment on STS-2 through STS-5 consisted of six (6) zero frequency (0-50 
Hz) servo-accelerometers, modified Sunstrand Model 303B, and ten (10) crystal 
vibration accelerometers (1.5-50 Hz) Endevco Models 2271A and 2271AM. DATE 
Instrumentation locations are given in Tables A-4 through A-8. 

Signals from the DATE transducers were recorded on the Orblter Experiments 
(OEX) wide band FM recorder. The frequency response curve of the ^ero 
frequency transducers was flat to within to 18 Hz, down (2 dB) at 50 
Hz, and 291 (3 dB) at 60 Hz. The characteristics of the crystal vibration 
accelerometers were down 2M (2 dB) at 1 Hz, flat from 1.5 to 40 Hz, and down 
29^ at 50 Hz. Post-flight data processing consisted of low pass filtering, 
either digital or analogue, and digitizing at 512 samples/ second. The filter 
had a cutoff frequency, the 29% (3 dB) down point, of 63 Hz. Table A-1 and 
Figure A-7 show the DATE accelerometers at the DFI pallet that were in 
identical locations for multiple flights. 

Two of the flights, STS-3 and STS-5, carried payload-peculiar accelerometers, 
(Table 3-3). The data obtained from this instrumentation has been Included in 
the DATE reports for the respective flight (References 3 and 5). GSFC had 
responsibility for eight DC accelerometers mounted on the OSS-1 pallet on STS- 
3. These accelerometers were Sunstrand Data Control Model No. 979-0138-001 
rated at 0-50 Hz. The data was sampled at 200 samples/second and recorded 
onboard in Pulse Code Modulation (PCM) format using a low pass filter, down 
291 (3 dB) at 50 Hz. Prior to on-the-ground data reduction, the data was 
again filtered using a low pass filter, down 3 dB at 100 Hz. A detailed 
description of these data is contained in Reference 8. On STS-5, three DC 
accelerometers were mounted on the Satellite Business Systems Corporation 
(SBS) payload near the base at the PAM-D Interface. These accelerometers were 
Systron Donner, Model 43IIA with a flat frequency response from 0 to 50 Hz. A 
more detailed description of these data is contained in Reference 5. 


Spacelab Instrumentation 

Spacelab instrumentation and calibration was the responsibility of Marshall 
Space Flight Center. Both low and high frequency accelerometers were used on 
Spacelab but only the high frequency data will be discussed in this report. 
High frequency accelerometers and microphones wore sensitive from 20 to 2,000 
Hz. A more detailed discussion of the MSFC-lnstalled instrumentation is 
beyond the scope of this report. 



Errors generally associated with dynamic transducers include errors In 
frequency response, sensitivity, distortion and calibration. The overall data 
system and reduction error is estimated to be ±1 dB for both acceleromriters 
and microphones. There are other sources of error that are peculiar to the 
shuttle instrumentation. Some error in the DATE microphone data may result 
from the interaction of the microphones and their isolation system. DFI 
microphones at the fore and aft bay bulkheads are housed in partial 
enclosures. These may interfere with the pressure field near the microphone. 
In addition, several of the microphones are in close proximity to orblter 
surfaces and may give rise to pressure doubling type effects at the 
microphone. If only payload microphones are considered, these surface effects 
are minimized. These errors, detailed in Table 3-4, are more fully explained 
in Reference 9. These errors do not necessarily apply to Spacelab data 
systems but probably represent a close estimate of the errors for that data as 
well. Low frequency accelerometers which do not measure the DC component 
indicate an erroneous response at the initiation of a transient event such as 
liftoff and landing. 

In addition, none of the acoustic data above 1000 Hz is considered valid. 
Some time histories in the DATE reports show the level above 800 Hz increases 
with increasing frequency. In fact, the data in most all cases are within 3 
dB or less of the data acquisition noise floor. The rise in the noise floor 
with frequency exactly matches that seen in the data. 


table 3-4. STS Dimaalc Data Sjatca Brrora 


Transducer, Signal Conditioner and filter Clipper Bias Box 


i 1 Piezo-Electric | Piezo-Electric 

1 Brrcr Sources j Accelerometers! Microphones 

{ Servo 

{Accelerc 

! 

ters{ 

1 i 

{Frequency Response”! 

1 1 

! 

±5% 

±5? 

1 ±5? 

{ 

! 

1 

1 1 

1 Sensitivity 1 

±^f 1 

I 

±2? 

{ ±1.3J 

I 

! 

1 

1 I 
{Distortion and { 
1 Kon-Llnearlty j 
1 1 

1 

±^.25i i 

! 

±3i \ 

1 

±2.25? 

±0.05? 

1 

{ 

! 

! 

1 1 

{Gain Instability { 

1 1 

±3? 

1 ±0.75? 

I 

! 

1 

1 1 

{Calibration { 

1 1 

( 

1 

±i6? 

1 

I 

! 

1 

1 1 

{FM Multiplexer and { 

{ Tape Recorder j 

{ System j 

I { 

I 

! 

±^-9% \ 

{ 

1 

i 

±1.9? 

! ±1.9? 

1 

{ 

! 

! 

1 

{ { 

{Subtotal Estimated { 

{ Root Sum Square { 

{ Errors { 

1 1 

{ 

! 

{ 

+3-1^ ! 

1 

±9.1? 

} 

{ ±5.6? 

{ 

{ 

! 

{ 

1 

1 I 

{Estimated Data { 

j p<jductlon Errors { 

1 not Included in { 

{ sub toted { 

1 _ 

1 

! 

! 

±12? { 
! 

±12? 

! ±12? 

1 

{ 

! 

! 

{ 

! 

1 ! 

{Total Estimated { 

{ Root Sum Square { 

{ Errors { 

( { 

! 

{ 

( 

±15.1? = 1 dB{ 
! 

±15.1? = 1 clB 

! ±13.2? = 

! 

{ 

{ 

1 dB{ 
! 


*Maxlmum frequency response error is observed at the high frequency end of the 
spectrum for all systems and at the low frequency end of the spectrum for 
piezo-electric transducers^ Frequency response errors can increase if the 
data is used to the -3 dB frequencies on the response curve. The response 
error at the flat portion of the frequency re-.ponse curve is probably on the 
order of The transducer, a signal conditJ" ler, and filter clipper bias 
box errors were measured as a r stem. 
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4.0 om RBDOCnCV 

Data from STS-1 through STS-5 uaed in this study are taken from GSFC DATE 
reports 002 through 006 (References 1 through 5)> and STS-9 data vas taken 
from Reference 17. The DATE data reduction task was performed at two NASA 
Centers. The low freQuercy vibration DATE data was reduced at the Jet 
Propulsion Laboratory (JPL) while the high frequency vibration and acoustic 
DATE data were reduced at CSFC. Spacelab (STS-9) data was reduced by MSFC, 
but it was not DATE data. Acoustic data was reduced in the form of 1/3 octave 
band time histories. Both low and high frequency random vibration DATE data 
was reduced in the form of acceleration spectral density (ASD) plots, shock 
response spectrums and ASD time variant plots. These "water fall plots 
present the general character of the data in an intuitively meaningful visual 
image” (Reference 6). Averaging times (1 second) are probably too long to 
obtain useful spectral density values. Low frequency Spacelab vibration data 
is not Included in this report. 

4.1 Acoustic Data Reduction 

Acoustic data from the DATE reports were reduced in the form of 1/3 octave 
band time histories by using an analog RMS meter with band pass filters. A 
sample acoustic time history is seen in Figure 4-1. This time history 
presentation was chosen over typical spectral analysis because of the 
transient nature of tLe data. An averaging time of 0.5 seconds was used for 
most of the time history data. Transient acoustic time history data has its 
limitations and requires a systematic approach to develop acoustic 
environments. A conserve cl ve but widely accepted approach is to envelope the 
levels at each data channel with respect to time. All microphone acoustic 
data was tabulated for each of four significant flight events: Main Engines 
(at 2Q% thrust), liftoff. Transonic, and Supersonic. As an illustration, 
Figure 4-2 compares the levels on STS-2 for each of these flight events. The 
data for these events was enveloped to obtain a "time envelope* for each data 
channel. Therefore, maximum acoustic levels it each one-third octavo band do 
not necessarily occur at the same time. DATE acoustic data above 800 Hz Is 
considered "suspect” because of the high noise floor in the data acquisition 
system. STS-9 Spacelab data was also reduced by MSFC in the form of I /3 
octave band spectral plots by Fourier analysis of the time Increment of the 
maximum overall level of the liftoff event. 

4.2 Vibration Data Reduction 

Both low and high frequency random vibration data were reduced in the form of 
acceleration spectral density (ASD) plots, shock response spectrums and ASD 
time Variant plots. Averaging time of the "water fall" plots is probably too 
long to obtain useful spectral density values. Typical acceleration spectral 
density data were analyzed over short time slices for times throughout the 
shuttle launch event. These ASD plots were enveloped with respect to time 
with the same technique as was used on the acoustic data to obtain maximum 
vibration environments. Shock response plots were analyzea for the major 
transient events with dynamic amplifications of 10, 20 and 50 . The low 
frequency vibration plots range from 0 Hz to 100 Hz but the vedue of the data 
is limited. DATE data frequency response was flat only to 50 Hz. Above this 
it rolled off at 18 dB per octave. The DPI low frequency accelerometer 
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at 18 dB/octave above that. All low frequency FM data was put tbrouKh a low- 
pass nut-.t-Ar«0'"th filter. The outoif frequency of the filter was 63 Hz (see 
References 1 through b). No Spacelab low frequency data Is Included Ir this 
report. High frequency Spacelab vibration was reduced In the form of ASD 
plots by MSFC similar to the method used in their acoustic data reduction. 
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A SHUTTl£ MAIN ENGINE 
B SRB IGNITION 

C MAXIMUM LIFT-OFF REFLECTION 
D TRANSONIC 
F SUPERSONIC, MAXIMUM Q 


Figure U-1. lypical Time History for Microphone 9219» Overall llight STS-1 
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1/3 OCTAVE SPL, dB (dB RE 0.0002 /iBA.^ 



FREQUENCY, Hz 


o= MAIN ENGINE START 125.5 dB OA 
«• -- LIFTOFF 132.1 dB OA 

A -TRANSONIC 124.6dROA 

•-SUPERSONIC 123.3dBOA 


Figure I4-2. 


Summary of PryJ.oad Mean Acoustic Levels 
Conditions 


for Significant Flight 


5.0 ILIOBT DATA B7AL0ATIOi 


In general, the vibration and aoouatic envlronsenta at liftoff (T = <«-3 
seconds) were the aost severe launch esvlronecnts. Otn^^r launch events with 
significant hlfd^er frequency dynsj^lc envlronoents were ^a.aJL'i efisgices at 20 % 
rough burn", "transonic* and "supersonic"^ During transonxc nnd superscnic 
flight, localized discrete tones froa the bay pressure equallzar.lon vents 
appeared In the acoustic environaent In ths 315 Hs 1/3 octave bard Higher 
acoustic noise was aeasured around the perlnetar ct the 'cdule 

Indicating that large payloads do cause localized aooustio noise incrc&see. 

Flight data evaluation in the loads or low frequency ragxae Hz) xs aiaed 

at the verification of loads prediction aethods. By lieceseity, these load 
prediction aetheds aust account for flight»to»f light variations In level and 
frequency content. In practice, these variations are accounted for by a 
aerlea of forcing functions. A aeasure of flight-to^fl.'^^t variations of the 
dynaalo response data enables the analyst to assess how representative and 
ultimately how conservative these feroing functions 

Of the Orblter events analyzed, only those which produce substantial dynamic 
loading on the priaary stinicture, namely ascent and landing, are assessed In 
the loads evaluation. Data for the other events, such as transonic, aazlaua 
dynamic pressure, burnout, SRB separation, main ec.r;lae cut-off. External 
Tank (BT) separation, aain gear roll transient, and rollout were generally 
found to be sore benign and are not included In this assessaent. A ooaplete 
sot of these data in contained in Referenoea 1 through 5. These references 
contain tiae histories, response shook spectra, and power spectral danaltles. 
For purposes of establishing fligbt-to-flight variations, only the response 
shock spectra, using a gain of Q s 2G, will be ezaalned. Data froa STS-1 is 
not Included since it is deeaed not representative of future flights. These 
data are oontained in Reference 27. 

5.1 Acoustic Data Suamary 

The aean, aaxlnua and 97^ probability levels of all the acoustic data taken In 
the payload bay for STS-1 through STS-5 are given in Plgurs 5-1. The bay mean 
level for the first five flights was 132.9 dB overall. DATE acoustic data 
above 1000 Hz is not considered good data because of the high noise floor .in 
the data acquisition system above 8OC Hz. Any acoustic data plotted above 
1Q00 Hz was extrapolatad liaaarly froa the rest of the spectrum. 

Probability levele for the data were obtained by adding the aean level to the 
standard deviation tlues an appropriate factor. For example, 2 sigaa added to 
the mean reprenant-s the .97 probability lavel for a data set with Gaussian 
distribution. For small data sets or ones which may not be exactly Gaussian 
in nature, it Is appropriate to say the probability leval was apprcxiaately 
.97 for ths aean plus 2 sigaa value. A confidence interval describes the 
probability that the .97 probability level aotuall/ lies w.itbln a prescribed 
"tolerance band" about the .97 probability. However, esxlnstlon of confidence 
Intervals require.? large aaounts of data aud could not be estimated froa the 
STS data set. 

Figures 5-2 and 5-3 ooapara the aeana and the mairlaum levels for the perimeter 
alorophonea and <.bose on pallet payloads for STS-1 through STS-5. The 
perimeter aloropbones ere those etunted on or adjacent to the orbiter payload 
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bay sidewalls or bulkheads. The perimeter mean level, 135.3 dB overall (OA), 
was 6-8 dB higher than the payload mean levels, 131.8 dB OA, throughout much 
of the frequency range. The perimeter maximum levels were 10 dB or more 
higher than payload maximum levels throughout the frequency spectrum, except 
between 100 and 200 Hx (Figure 5-3). Over this narrow frequency range the 
spectral level difference was only 4 dB. Figure 5-4 indicates that the 
standard deviation ( ) at the bay perimeter was also greater in general than 
for pallet payloads, particularly at lower frequencies. The small variance of 
the payload acoustic data indicates the acoustic environment in the bay was 
diffuse except for the perimeter of the bay. The standard deviation at the 
perimeter is biased, by an unknown amount, to the 4 locations that were on all 
5 flights. The scatter on a given flight was also much greater in the 
perimeter than at the payloads and it closely followed the standard deviation 
curves of Figure 5-4. 

On this basis the payload bay may be divided into distinct pallet or small 
payload and perimeter regions. The payload bay microphones for STS-1 through 
STS-5 &re categorized in Table 5-, ‘-..low by region and flight. The contour 
plots of Figure 5-5 illurt r.te the size and shape of the acoustic zones with 
small payloads or an empty bey. The contour delineates the region of the 
diffuse acoustic field and the ^ v perimeter for small payloads only. The 
contours on the right uere t^,;icaj. for all flight conditions and frequencies 
except during lift ott oetween 50 to 400 Hz. In this frequency range there 
was also a higher intensity noise f'*eld ' elow the payload bay doors as seen in 
the left contour plot (Figure 5-5!* 

Table 5-1 Mloroplioiie legion Category 


I Perimeter 
I Microphones 

I STS 1,3-51 STS-2 

ssssssssss^ssssss: 


pallet tayload Microphones 
STS-1 I STS-2 I STS-3 I STS-4 


9219 

9403 

9405 


9256 

9255 

9219 

9403 

9405 


9220 I 9220 I 9220 

I 

9252-54 I 9231-34 


I 


9257,58 I 9275 

I 

9275-81 I 9281 


9220 

9275-79 

9281 


I STS-5 

esssrsssrs | 

9220 

9275-81 


Pcj*is5c ter* AoououxO 

"be mean and maxiouiB perimeter levels for Flights 1 through 5 are shown In 
Figures 5-6 and 5-7, respectively. The mean, probability and maximum 
levels for all perimeter flight data for all 5 flights combined are shown in 
Figure 5-8. 

Flight to flight variation is best indicated by the scatter in the perimeter 
mean levels (Figure 5-7), because these microphones were present on all the 
first 5 flights. The ensemble of the perimeter flight mean levels in Figure 
5-9 bad a general scatter of ± 1.5 <1B throughout the spectrus. The scatter of 
maximum levels is ^ dB below 150 Hz (Figure 5-7)> Above 150 Hz the scatter 
of the maximum was ±^.5 dB. This is because flight 2 had unusually high 
levels above 150 Hz at the bay perimeter (Figure 5-7). The standard 
deviation, however, was smaller above 150 Hz as seen by comparing the maximum 
and the 97J{ curves of Figure 5-8. 

Higher acoustic levels near the bay doors were measured at liftoff on STS-3 
(Figure 5-10). These door levels were 2.4 a ((99% probability level) above 
the small peiyload mean. Although the data is from one microphone on the OSS-1 
pallet, it appears that the environment near the doors is ^aracterlstlcally 
higher than the general payload level. Higher levels near the payload bay 
doors were predicted prior to the first STS flight (References 10, 11 and 12). 

The noise level between the OAST-1 (STS-2) pallet outer surface and the STS 
bay bridge fitting plate was much higher than the payload mean level (Figure 
5-11). There is approximately 38.1 centimeters (15 inches) of space between 
the pallet outer surface and the bay side wall. A payload of a 4.27 meter (14 
foot) diameter would have the same amount of space between itself and the bay 
side wall. The data between the pallet and sidewall may give an indication of 
what localized acoustic levels can be expected for large diameter payloads. 

Spaoelab module acoustic data (STS-9, Reference 17) also shows levels well 
above those measured on pallet payloads (Figure 5-12). In fact, Spacelab 
module levels exceed pallet sidewall levels between 60-300 Hz even though the 
Spacelab module diameter is only 4.05 meters (I3.3 feet). The acoustic levels 
at the Spacelab tunnel (Figure 5-13) and pallet (Figure 5-14) were comparable 
to pallet levels measured on Flights 1 through 5. Therefore, Spacelab data 
also indicates higher local acoustic levels for a payload in close proximity 
to an orblter surface. The high acoustic environment at the Spaoelab module is 
probably a combination of a payload effect and of higher levels near the bay 
doors. This payload effect was predicted prior to the first STS flight 
(Reference 10). It should be noted that the Spaoelab ASD data wr educed by 
MSFC in a different way from the way the DATE acoustic data was 1 2ed and 
plotted (maximum 1/3 octave band levels) in this report. The Spaoelab data 
was reduced by Fourier analysis with l-seoond time slices. This difference 
may result in some minor dlsorto,/anoy when comparing the DATE data with the 
Spaoelab acoustic data. 

b.rlng transonic flight, a discrete tone of up to 134 dB at 315 Hz appeared in 
the shuttle bay acoustic environment, at microphone 9256 near a pressure 
equalization vent (Figure 5-15). This level was measured on STS-2 between the 
pallet outer wall and the orblter sidewall near the bay perimeter, but this 
microphone location was not repeated on subsequent flights. For the other 4 
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flights the discrete tone ranged from 128 dB to 130 dB at different microphone 
locations. This (’.one Is the result of cavity resonances at the bay pressure 
equalization vents during transonic and supersonic flight. Th« me eul X 'Vv C 1 oT 
this discrete tone was 12 dB lower at the pallet payloads than for the 
perimeter (Figure 5 >8). Thus the discrete tone can be treated principally as 
a localized effect for payloads near the pressure equalization vents. 

High resolution analysis of this discrete tone revealed that there were 
actuadly multiple discrete tones In two groups in the 315 Hz 1/3 octave band. 
One group of discrete tones was centered at 295 Hz while a second group was at 
320 Hz. Different spikes that existed at the same moment may have been 
produced by different pressure equalization vents. As Figures 5-16 and 5-I7 
Show, the frequencies of the discrete tones shifted upward with time (l.e., 
with mach number). This behavior is characteristic of fluctuating pressure 
discrete tones produced by aerodynamic resonances within a cavity In an air 
flow. The noise intensity at each vent Is, presently, unknown and will depend 
on the direction of air flow through It during transonic fll^t. Some vents 
Ingest air, while others expel It from the bay. 

A second low level discrete tone at 120 dB overall was seen In the aft 
bulkhead acoustic data. The discrete frequency, 630 Hz, matches the Auxiliary 
Power Onlt (APU) pump frequency which Is mounted to the aft bulkhead. No high 
frequency vibration data was taken at the aft bulkhead so the Intensity of the 
vibration at 630 Hz Is unknown. 

5.1.2 Payload Acoustic Data 

Payload mean levels for each flight are seen In Figure 5-18. Payload levels 
were derived using only the microphones In the payload region defined In Table 
5-1. Flight to flight variation of the acoustic environment at the pallet 
payloads Is apparent In this plot. The scatter about the flight ensemble mean 
level was 1. 1.5 dB below 80 Hz and ±1 dB or less above 80 Hz. Scatter In the 
composite maximum levels anywhere In the payload bay was ±1.5 dB to ±2 dB 
(Figure 5-19). The mean, 975 probability and maximum payload levels for all 
payload flight data com'rlned are given in Figure 5-20. Mean and various 
Piobabillty levels (90, 95. 97.51) of each flight are given singularly in 
Figures 5-21 through 5-24. Figure 5-25 shows the same probability curves for 
all the payload flight data. 


5.1.3 Aft Flight Deck Acoustics 

The measured acoustic data In the aft flight dock, the cargo area of the crew 
cabin, were low and were not evaluated in detail for this report. For the 
readers' convenience, the acoustic Interface environment specified In 
Reference 13 for the aft flight deck Is shown In Table 5-2. These specified 
levels envelope the measured flight data. 
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Table 5-2 


Aft Flight Deck Aooustio gnvlrooMOt 


1 

1 

Sound Pressure Level 

1 

1 

1 

1/3 Octave | 

Band Center j— 

Frequency I 

(dB re 2 X 

lO'^N/m^) 

1 

1 

1 

1 

Uft-Off 1 

Aeronoise 

1 

(Hz) 1- 





1 

1 5 Seconds/Flight |10 seconds/Fllgbt 
1 

1 

1 

31.5 1 

107 1 

99 

1 

1 

40.0 1 

108 1 

100 

1 

1 

50.0 1 

109 1 

100 

1 

1 

63.0 1 

109 1 

100 

1 

1 

80.0 1 

108 1 

100 

1 

1 

100.0 1 

107 1 

100 

1 

1 

1 

125.0 1 

106 1 

100 

1 

1 

160.0 i 

105 1 

99 

1 

1 

200.0 1 

104 1 

99 

1 

1 

250.0 1 

103 1 

99 

1 

1 

315.0 1 

102 1 

98 

1 

1 

400.0 1 

101 1 

98 

1 

1 

500.0 1 

100 1 

97 

1 

1 

630.0 ! 

99 1 

97 

1 

1 

800.0 1 

98 1 

96 

1 

1 

1000.0 1 

97 1 

95 

1 

1 

1250.0 1 

96 1 

94 

1 

1 

1600.0 1 

95 1 

93 

1 

1 

2000.0 1 

94 1 

92 

1 

1 

2500.0 1 

93 1 

91 

1 

1 

OVERALL 1 

117.5 1 

111 
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• AVERAGE 132.9 dBO A 

+ MAXIMUM 139.0 dB OA 

O 0.97 PROBABILITY 141.0 dBOA 


Figure 5-1* Payload Bay Acoustic Level Statistics for All Bay Microphones, 
STS-1 Through STS-5 
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Figure 5-2. Perimeter and . 

Maximum Time Ei 
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Figure 5-3. Perimeter and Payload Hegion Maximum Acoustic Levels 
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Figure 5-8 • Acoustic Envelope Statistics for Perimeter Microphones 
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RELAUVE SOUND PRESSURE L£VEL (dB RE G,0002 /iBAR) 



X 1 l—J I I I I I I I I 1 I I L_J I 

CO _ 


1/3 OCTAVE FREQUENCY, Hz 


Figure 5~9» Flight-to-Flight Variation and Scatter of Each Flight's Perimeter 
Acoustic Mean Levels From Overall Perimeter Mean, STS-1 Through 
STS-5 



1/3 OCTAV 



FREQUENCY, Hz 


0 - STS-3 136.4 OA 

Figure 5-10. Maximum Time 'nvciope Acoust■^: Lev>=>l h Feet From Payload Eay 
Centerline Neux Pay .load Doors, Micrr jpone vPijl, STS-3 

29 





Figure 5-H» Maximum Time Envelope Acoustic Level Between Pallet and Sidewall, 
Microphoii.? 92 ^ 6 . STS-2 
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SOUND PRESSURE LEVEL, dB (d» RE 0.0002 /aBAR) 



SPACELAB 1 ACOUSTIC MEASUREMENT LOCATIONS 



Figure 5-12. Spacelab Module Externa] Acoustics vs. STS-2 Through STS-5 Pallet 
Envelope and STS-2 Pallet Side Levels 
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Figxire 5-15. Discrete Tone, 315 Hz, During Transonic Flight, Microph'-ne 
STS-2 
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STS-2 LAUNCH 
MICROPHONE VP8Y9256A 



250 FREQUENCY (Hz) 350 

POWER SPECTRAL DENSITY 
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Figure 5-17. Power Spectral Density of Transonic Flight Acoustic Measurements, STS-2. OSTA -1 
Pallet (250-350 Hz from T+20 to T -85 seconds) 
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a = STS-2 132.2 dBOA 
o»STS-3 132.4 dBOA 
o-STS-4 131.0 dBOA 
+-STS-5 131 .5 dBOA 


Figure 5-18. Mean of Acoustic Time Envelopes for Each Plight's Payload Micro- 
phones 
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1/3 OCTAVE SPL, dB (dB RE 0.0002 //BAR) 
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Figure 


o= average 131.8dBOA 

0 = 0.97 PROBABILITY 135.9 dBOA 
A = MAXIMUM 136.5 dBOA 

-20. Acoustic Data Time Envelope Statistics for Payload Microphones, All 
Flights 
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Figure 5-21. Acoustic Data Time Envelope Statistics for Payload. Microphones 
STS-2 
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Figure 5~22. Acoustic Data Time Envelope Statistics for Payload Microphones 
STS-3 ’ 
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Figure 5~25. Expanded Acoustic Data Time Envelope Statistics for Payload 
Microphones, All Flights 
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5.2 Vibration Data SuMary 
5.2.1 Payload Bay vibration 

High fraquenoy vibration data was obtained on the orblter longeron pallet 
trunnions, pallet shelves and pallet hard points (References 2, 3 and 14). 
Open dlssenlnatlon of this data was confined to STS-2 and 3. Because of the 
snail else of the data base, the vibration data for the various types of STS 
and payload struoture were enveloped for presentation. Vibration data plots 
and aooeleroaeter locations fron Reference 14 are shown In Figures 5*>26 
through 5-38. Aooeleroaeter locations were olasslfled on STS-4 and were not 
available. Also, no high frequency DATE aooeloroneters were on STS-5. A 
filter bandwidth of 10 Hz was used for the aooeleroaeter spectral density data 
reduction. Consequently, data below 80 Hz Is subject to errors caused by 
snail nuabers of data sanples. 

Vibration for snail longeron-aounted payloads, such as the Qet Away Special 
oannlsters, Is shown In Figure 5-26. These levels exceeded the preflight 
prediction level for the longeron vibration criteria. The aazlnua aeasured 
levels fron 3 directions are shown on the sane plot, along with the preflight 
longeron criteria. As a result, the criteria of the payload criteria Interface 
Control Doouaent (ICD) were revised to those In Figure 5-27. Vibration levels 
across the DPI trunnions were attenuated 10 dB or acre at aost frequencies 
coapared to the longeron vibration. Three axis levels at the DPI trunnion are 
shown In Figure 5**28. Figures 5-29t 5-30, and 5-31, respectively, coapare the 
longeron vibration In the x, y, and z axes to trunnion vibration on the 
payload side. The x direction vibration at the pallet trunnion was nearly 
Identical to the longeron levels between 100 Hz and 400 Hz (Figure 5-29). Two 
high-energy aodes appear at the trunnion In the z axis at 140 Hz and 300 Hz. 
Below 100 Hz and above 400 Hz longeron levels were such attenuated at the 
pallet trunnion. The sane 140 Hz and 300 Hz nodes that appeared In the x axis 
also appear in the y axis, with vibration at other frequencies being highly 
attenuated. In the z axis the attenuation Is similar except that aodes 
centered at 90 Hz and I80 Hz appear at the trunnion. Vibration at the DPI 
pallet center (Figure 5-32) Is about 10 dB below the levels at the pallet 
trunnions. The pallet center Is about 7 feet fron the DPI trunnions. 

Keel vibration Is shown In Figure 5-33 for the y axis. Vibration was only 
neasured In the y axis because It was the primary axis of constraint and due 
to Instrumentation limitations. Levels In the y axis are well below the 
current keel vibration requirements. Keel levels In the z direction are 
expected to be greater than for the y direction (Reference 14). 

Vibration levels on the OSTA-1 and OSS-1 experiment pallets were neasured at 
experiment Interfaces and shelves. Figure 5-34 shows the envelope of 
vibration lev^s at pallet bard polnt/experlment Interfaces were generally 
below .005 O^Hz. The data of Figure 5-34 la an envelope of experiment 
Interface vibration neasured on the OSTA-1 Materials Experiment Assembly (MEA) 
shelf Interface, the OSS-1 Thermal Can Base and the Spacelab Cold Plate 
Support Struoture (CPSS) component Interface. 

Figure 5-35 shows a vibration peak level on the OSTA-1 pallet shelf that 
reached 0.2 Q^/Hs at 300 Hz during transonic flight. This shelf response 
coincides with the vent acoustic excitation frequency. The response was also 
present at lift off with a brooder frequency range of response (100 - 400 Hz). 





45 




\ 


(Lt.i 


Vibration on the OSS-1 oold plate edge (Figure 5-36) waa aa high aa 0.04 O^/Hz 
for a peak at 170 Hz but waa generally below ,01 O^/Hz, Bracket vibration 
(0.01 O^/Hz) on an OSS-1 ezperinent aupport ia aeen in Figure 5-37. All of 
theae pallet levela are payload peouliar and depend on the deaign and oaaa of 
the pallet ezperiaenta. 


Moat flight vibration data indicated that payloada are reaponding acre in 
flight than in aoouatic teata (Reference 15). OSS-1 data ahows more vibration 
raaponae in flight below 125 Hz for moat aooeleroaetera. Figure 5-38 ahowa 
^ the difference between flight and teat reaponae at the OSS-1 Spherical 

^ Retarding Potential Analyzer (SRPA) aupport bracket and la typical of the 

difference aeen at the other aooeleroaetera. However, the effect ia aeen all 
acroaa the frequency range on the aide of the oold plate (Figure 5-39)> 
Figure 5-40 ahowa the amount of extrapolation uaed to normalize the acouatlc 
teat data to flight levela. Note that there la a 2 dB difference in the 
extrapolation depending on if the teat aoouatlo level ia taken from the pallet 
mlorophonea Inatead of the teat control mlorophonea. The pallet microphonra 
^ are in the aame location in the ground aoouatic teat and in flight. 

Lockheed Nlaailea and Space Company (LMSC) data on a Department of Defenae 
(DOD) payload ahowa the aame trend of higher vibration reaponaea in flight 
1 than in aoouatlo teata (Reference 16). The LMSC analyaia ahowa higher levela 

throughout the frequency apeotrum but the effect la accentuated below 100 Hz 
(Figure 5-41). The differeroe in ground and teat flight levela for the DOD 
\ payload la ahown in Figure 5-42. 

\1 The dark datum line at 0 dB (Figure 5-41) repreaenta the normalized ground 

teat vibration reaponae. The two llnea of ln-fll|dit reaponae correapond to 
axtrapolatlona of the ground reaponae data baaed on the flight average Sound 
5 Preaaure Level (SPL) and then the envelope of the flight SPL. A almllar LMSC 

analyaia of the OSS-1 data ahowa that in-flight vibration exceeded ground teat 
vibration more than in the GSPC analyaia for the aame payload (Figure 5-43). 

Some data from Spaoelab have the reverae of the trend of the OSS-1 and DOD 
payload data (Reference 17). The flight reaponae veraua aoouatlo teat 
reaponae oomparlaon from the Spaoelab pallet (STS-9) Ah Figure 5-44 Indioatea 
that ground teat reaponaea were higher for all frequenolea (Reference 17). 
Aoouatic teat reaponae waa extrapolated to a 139 dB aoouatlo input. The plot 
of Figure 5-44 ia typical of the other Spaoelab data (Referenoe 17). However, 
the flight levela at the 1.3 meter ring (Figure 5*45) and the tunnel fan 
houalng interface (Figure 5-46), exceeded aoouatlo teat levela algnlfloantly, 
aa the OSS-1 and DOD pallet data did. Theae exceaaea were all below 100 Hz 
and were only 20-30 Hz wide. It ahould be noted that ground teat 
aooelerometer looatlona were not duplicated exactly in flight but oomparlaona 
were made between aooelerometera that were "generally" in the aame location. 
Alao, thermal Ixiaulatlon blanketa were not preaent during the ground aoouatlo 
teata but were preaent in flight. Data at JPL indicate that the abaenoe of 
thermal blanketa ahould have little effect on the vibration reaponae of a 
large teat item. 

"1 The higher than expected flight vibration environment in the lower fre-.u«’*oie3 

I (below approximately 125 Hz) ia likely to have been tranamit^ted .rom the 

orblter itaelf, but the tranafer function la atlll being inveatigatad. The 
;| cauae of the dlao’epanoy between the OSS-1 and DOD data aet and the Spaoelab 
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vibration reaponaa any ba ralatad to diffaranoaa in tha aaount 0/ 
axtrapolation appliad to tha ground vibration data. Alao, diffaranoaa in tha 
Spaoalab aooalaroaatar looationa during ita ground aoouatio taata and flight 
could hava oauaad aignifioantly diffarant tranda in tha ground/flight raaponaa 
ooapariaon. For tbia raaaon in particular, tha Spaoalab data probably abould 
not ba uaad in a rigoroua atudy of tha payload raaponaa during flight varaua 
ground aoouatio taat. 

Shook raaponaa apaotra with dynaalo aapllfioatlona of 10, 20 and 50 are given 
for pallet payload atruotura in Figuraa 5-47 through 5-53* lhaaa apaotra are 
tiaa anvalopaa of tha ahook raaponaa apaotra of Rafaranoaa 2 and 3. Launoh 
avanta Inoludad in tha anvalopaa are Spaoa Shuttle Main Engine (SSMB) 
ignition. Solid Rookat Booatar (SRB) ignition, SRB aaparatlon and External 
Tank (BT) aaparatlon. 

Shook raaponaa on pallata froa tha SSME and SRB ignition avanta do not aaaa to 
ba aavara for typical apaoa hardware. Rafaranoa 2 atataa, "While tha low 
fraquanoy raaponaaa (below 50 Ha), particularly at liftoff, are diaraotarlzad 
aa raaponaaa to tranalant liqtuta, tha high fraquanoy raaponaaa would ba beat 
oharaotarlzad aa raaponaaa to a relatively broadband and reaaonably atatlonary 
axoltation. Thla oonolualon la baaed on tha fact that tha dlffaranoa between 
tha apaotra for different daaplng valuaa la rather constant aa a function of 
fraquanoy and on tha obaarvad ratio of the peak apaotral valuaa to tha peak 
value of tha tiaa hlatory.* Tha ahook apaotra froa tha SRB and BT aaparatlon 
Indicate that tha ahook lavala during thaaa events were negligible at pallets 
(Rafaranoa 2). 

5.2.2 Aft Flight Data Tlbratlon 

Tha aaasurad vibration data in the aft flight deck, the cargo au^a of tha oraw 
oowpartaant, ware low and ware not evaluated in detail for this report. For 
tha readers' oonvanlanoa, tha vibration interface environnant spaolflad in 
Rafaranoa 13 for the aft flight deck is shown in Table 5-3. These spaolflad 
levels vary oonsarvatlvaly envelope th«> naasurad flight data. 

Tabla 5-3. Aft Flltfit Deck fibratlon 


Fraquanoy 


Laval 


■BBSSXSSSSSSkBSSBSSSSXSSSSSSSSSSSSSSSSe 


20 - 150 
150 - IK 
IK - 2K 
Overall 


46 dB/ootava 

.03 Q2 /Hz 

-6 dB/ootava 
6.5 Qms 


Duration: 10 aaoonds/par axis par alssion 
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Figure 5-2? . Orbiter Longeron Vibration Criteria Derived From Flight Data 
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Figure 5-28. DFI Payload Trunnion Vi'^ration 
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- 29 . DPI Payload Longeron and Trunnion Vibration Comparison in X-Axis, 
STS-1 Through STS-3 
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Figure 5-31. DPI Payload Longeron and Trunnion Vibration Comparison in Z-Axis 
STS-1 Throvigh STS-3 
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Figure 5-32. DFI Payload Pallet Center Vibration 
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Figure 5-3^. Pallet Hardpoint /Experiment Interface Vibration 
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Figure 5-36. OSS-1 Cold Plate Edge Vibration 
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Figiire 5-37. OSS-1 Experiment Support Bracket Vibration (Mounted on Small Shelf) 
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Figure 5-38. Measured STS and Extrapolated Test Acceleration Spectral Density 
for OSS-1 Shelf, Experiment Support Bracket, Accelerometer 9295 
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5-39. Measured and Extrapolated Test Acceleration Spectral Density Level 
for OSS-1, Cold Plate Edge, Accelerometer 9301, Normal to Plate 
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Figure 5-40. STS-3/0SS-1 vs. Acoustic Grovind Test Payload Acoustic Environment 
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Extrapolated Ground Vibration Data 
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Figure 5-51* 


Cold Plate Side, Shock Response Spectrum Time Envelope, Accelerom- 
eter 9300, STS-3 
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5*3 Pf«qu«noy Vibration 

The definition of the loads or low frequency envlronnent Is required for the 
design of the nain load oarrying payload structures, in general, the 
frequency reglae which Is of oonoern for primary structure Is 0 to 50 Hz and 
the nethodology for obtaining design loads Is deterministic rather than 
statistical. The loads enTlronnent Is, In general, dependent on the dynamic 
characteristics of the coupled payload/launoh vehicle system and the frequency 
content of the external forcing functions. The objectives of flight response 
measurements In the low frequency or loads reglae differ from the objectives 
of measurements In the vlbroaooustlc regime In that the latter alms to define 
the flight environment statistically while the former r^ulres instrumentation 
for the verification of methodology. The low frequency data evaluation Is 
summarized In Reference 31. 

On STS'2 through STS-5 the payloads were relatively lightweight and several 
dynamic response measurements were made in Identical locations on all five 
flights of the Orblter Vehicle (OV) 102 launch vehicle. The location of the 
DPI accelerometers Is shown In Figure A>6 and Table A-2. Of the DPI 
accelerometers, the two In the crew cabin and the three on the aft bulkhead 
are considered to be physically far enough removed from the payloads to 
provide meaningful comparisons for fllght-to-fllght variations. Of the DATE 
supplied Instrumentation, four 0-50 Hz measurements were common on STS-2 and 
STS-3. These measured the Input to the DPI pallet on the Orblter side and 
will be used for an assessment of variations of the responses for these two 
flights. The DPI pallet beam centerline carried identical 1.5 to 50 Hz 
accelerometers on SlS-2, STS-4, and STS-5. Data from these measurements will 
be used to assess the variations In response for those three flights. The 
DATS sensor locations at the DPI pallet which are used to study fllght-to- 
fllght variation are shown In Figures A-6 and A-7 and Table A-1. 

Fllght-to-fllght variations can be assessed for only four flights, STS-2 
through STS-5. The STS-1 data must be excluded as being not representative 
because, subsequent to the STS-1 flight, the launch pad was modified to 
alleviate the vehicle response due to overpressure. Some measurements from 
the sTS-2 through STS-5 flights cannot be used for such a flight-to-flight 
comparison because of the effect of payload Impedance. 

5.3.1 Low Frequency Response During Ascent 

For purposes of analytical predictions the ascent event la considered to be 
one event encompassing the Space Shuttle Main Engine (SSHE) ignition and the 
Solid Rocket Booster (SRB) Ignition. For purposes of assess, ng fllght-to- 
fllght variations these two events will be examined separately. 

5.3. 1.1 Low Frequency Response During Main Engine Ignition 

Variations In the response spectra for the crew cabin y and z directions for 
STS-2 through STS-5 ere shown In Figures 5-54 and 5-55» respectively. Similar 
data for the aft bulkhead response in the x, y, and z directions are shown in 
Figures 5*56 through 5-58. The above data has been dr / ived from the DPI 
aooelerometers and Is valid In the frequency range 0-14 Hz. The duration of 
the event analysed has been chosen to cover any appreciable dynamic response. 
The time Interval bounded varied from 2.8 seconds for ST^-2, 4.0 seconds for 
STS-3, to 5.0 seoi^nds for STS-4 and STS-5. 
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5. 3. 1.2 Low Praquenoy RMponae During Solid Rocket Booster Ignition 

The response data froa the Orblter crew cabin and the aft bulkhead Is repeated 
for the SRB Ignition In Figures 5-59 through 5~63. Variations of response 
aeasureaents for STS-2 and STS-3 at the interface of the DFI pallet on the 
Orblter side are shown in Figures 5*’64 through S-SY. These data have been 
derived froa the DATE aooeleroaeters and are valid In the frequency range 0-50 
Hz. Note that the data shown in Figures S~65 and 5-66 ropre^<%nt z direction 
responses at the right- and left-hand side of the vehicle, respectively. 
These data are an Indication of the syaaetry of the responses. Figures 5-68 
through 5-70 show the variation of the responses of the DFI pa.^et beam 
centerline for STS-2» STS-4 and STS-5 in the x, y, and z directions. The 
latter data is obtained froa DATE accelerometers and is valid from I.5 to 50 
Hz. All SRB ignition has been derived froa 9 second intervals. 

5.3.2 Low Frequency Response During Landing 

For purposes of analytical prediction, the landing event is considered to be 
one event ecooapasslng the main landing gear touchdown and the nose gear 
touchdown. For purposes of assessing fllght-to-flight variations, these two 
events are ezaalned separately. In general, the landing event seems to have 
more dispersion than asoent. Of the five landings, STS-3 had by far the 
highest response. It was a near limit design load condition- Only a few 
representative response spectra nre snown. The landing data from STS-4 was 
reduced treating both the main gear iru3hd>wn and the nose gear touchdown as 
one event and hence is not directly comparable with the other flights. 

In general, all the landing events have been quite symmetrical, that is, the 
z-responses on the right- an. left-hand side of the Orblter were comparable. 

5. 3. 2.1 Low Frequency Response During Main Landing Gear Touchdown 

Response spectra plots for the bulkhead accelerometer in the z-direoticn for 
STS-2, STS-^, and STS-5 are shown in Figure 5-71. These data are valid for 
the C-14 Hz region. The time Interval used was 4.0 seconds for STS-2 and STS- 
3 and 6.0 seconds for STS-5. 

5. 3. 2. 2 Low Frequency Response During Nose Gear Touchdown 

Response spectra plots of the crew cabin accelerometer in the z-dlrectlon for 
STS-2» STS-3, h»d STS-5 are shown in Figure 5-72. These data are valid for 
the 0-14 Hs region. The time interval used was 4.0 seconds for STS-2 and STS- 
3 and 6.0 seconds for STL 5. 
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Figure 5-5^. Response opectra, Main Enginn Ignition, Aft Bulkhead, Z Direction, 
Accelerometer '^3 ^a9^36A 
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Figure 5-63. Response Spectra, Solid Rocket Booster Ignit?on, Aft Btilkhead, Z 
Direction, Accelerometer V3HA9436 a 
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Pallet, Z Direction, Left-Hand Pallet, Z Direction, Keel Bridge 
Bridge Fitting, Accelerometer Fitting, Accelerometer V08D9265A 
V08D926UA 


















.0 BfZKMBffAL VKSDRlUmS 


Ass«8sa«nt of tho.uaoertalnties l)i the shuttle dynsalo envlrooaent is an 
laportant factor in predicting the envlronaenta for a payload. These 
unoertalnties fall into two oategorles: bias errors or effects which aay be 
predicted deteralnlstlcally, and statistically independent randoa rariables. 
Biss corrections, such as payload effects, are added directly to the aean bay 
enwlronaent. Spatial variations and flight- to- flight variations are 
statlstioally independent randoa variables laportant to STS acoustic 
envlronaents. The root sue of the squares of these Independent variations is 
added to the aean envelope. The errors in the data reduction and acquisition 
are not known for the particular data reduction facilities that reduced the 
DATE flight data and the errors nay not be constant for each set of reduced 
data. Therefore, data reduction errors for the DATE data should be also 
treated as statlstioally Independent. 


6.1 l^tial Bias Errors 

Spatial bias errors arise fron the positioning of niorophonej in the non- 
dlffuse bay periaeter or saall nunbers of nioropbones in the payload bay. The 
effect of the non-dlffuse boy periaeter can be ellalnated froa the data set by 
only considering the payload alorophones. Vhen this is done, the standard 
deviation froa the STS payload weans are relatively snail. Indicating a 
unifom acoustic field for pallet payloads. Therefore, no spatial bias error 
corrections are necessary when the payload alorophones are considered by 
thenselves. Vhen the periaeter alorophones are included in an evaluation of 
the acoustic envlronaent, the bias errors aay beoone laportant. Bias error 
predictions were aade for STS-1 through STS-3 by Bolt, Beranek and Newaan 
(BB&E) in Eeferenoe 19. Plight data (Figure 5-2) shows that the aean level of 
the payload alorophones is 3.5 dB lower overall than those located in the bay 
periaeter. This indicates that spatial bias errors can be significant in 
naking payload predictions if the alorophone data is not carefully chosen. 

Sons centers include the periaeter alorophones with the payload alorophones in 
acoustic predictions to add oonservatlveness to their envlronaental estlaates. 


6.2 Payload Effects 

Model data and sons flight data (Figures 5-II and 5-12) indicate that large 
payloads oan have a significant effect on local acoustic levels. The effect is 
seen especially on the Bpaoelab aodule (A.05 a (13.3 ft.) dla.) in Figure 5- 
12. A large payload is a high voluae payload whose boundary extends into the 
near periaeter acoustic effects. Studies by BEAM (Reference 10) shot* that 
payloads with a disaster greater than 605 of the payload envelope oan be 
described as a large payload. For snail payloads, the payload effect is 
negligible except where a large payload surface is close to the payload bay 
periaeter. The pallet payloads on STS-1 through 5 did not exhibit any 
deteotable payload effects on the payload bay aean sound pressure level except 
between the outer pallet wall and the arbiter longeron bridge fitting. 


69 



In tb« low froquonoy (0-50 Hs) roglao tbo payload lapadanoa has a strong 
Influanoa on tha dynaalo raaponsa. In azaalnlng rapaatabllity tba approach 
taken was to ooapara responses that ware either (1) physioally far reaowed 
froa the payloads, thus alnlalslng the effect of payload lapadanoa, or (2) 
looated on an Identical payload structure, such as the OFI package. 


6.3 Spatial Tarlatlon 


Spatial variation In the aooustlo envlrcnaent can be oaloulated directly froa 
the data froa each flight. Probability IcTels for the bay payload aooustlo 
envlronaent are given for each of the first five flights In Plgures 5-21 
through 5-2b. These ware oaloulated by adding the standard deviation (tlaes 
the appropriate constant) to the aean bay level. A Gaussian distribution of 
the aooustlo levels In the bay was assuaed for the probability levels. 
Localised areas, such as near tb'* payload bay doors or near the pressure 
equalisation vents, any be higher than can be expected froa assualng a 
strictly Gaussian distribution of aooustlo levels. Vhen the aean and 
probability levels are oaloulated by ooablnlng the data froa the first 5 
flints, fllght-to-fllght variation of the first five flights Is lapllolt In 
the standard deviation. This has been done for the aean and probability 
levels In Figure 5-25. 


6.t FUght-TO-Pllght Tarlatlon 
6.4.1 Aooustlo Bnvlronaent 

Based on the perlaeter alorophone aean levels, variations froa Flights 1 
through 5 were within ± 1.5 dB for eaob one-third ootave band (Figure 5-9). 
Fllght-to-fllght variation Is affected by launch drift froa the launch pad 
exhaust ports and vehlole/pad oonflguratlon changes. However, these effects 
are likely to be saall. Since the STS weighs approxlaately 4.5 allllon pounds 
and has a thrust to weight ratio of approxlaately 1.4:1, the Inclusion of a 
heavy payload (65»000 lbs) will not appreciably change the vehicle thrust to 
weight ratio or launch rise tlae. Vlnd Induced drift Increases due to 
Inoressed launob welght/rlse tlae will probably also be negligible. 

Aooustlo envlronaents generated at the Tandenburg Launch Site (TLS) are 
eatlaated to be slightly less than Kennedy Space Center (Beferenoe 20). 
Later shuttles will also have aaln engines uprated to 1091 thrust. Currer^ 
STS data shows that the solid rookets doalnate the launch aooustlo 
envlronaent. Consequently, uprated aaln shuttle engines will only Increase 
the total launch thrust a few percent and will not significantly affect the 
total launch aooustlo power. 

Although shuttle vehicle to vehlole differences and other launch 
oonflguratlon changes are not anticipated to significantly Increase flight to 
flltfit aooustlo envlronaents variations, this needs to be verified. 
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6. *1.2 Low Frequency Fibratloc 

By examining Figures 5»54 through 5**70» an estimate of the bounds of 
repeatability oan be established for 07-102. For the main engine ignition, 
Figure 5-56 shows appreoiable variation from fllght-to-fllght in the z 
direotlon at praotloally all the system resonances, 2.5 Ha, 5 Hz, 10 Hz, and 
20 Hz. For the y direction (Figure 5-54 and 5-57) the variations are also 
appreoiable. The z direotlon responses (Figures 5-55 and 5-58) show somewhat 
better correlation, although even here at the aft bulkhead the response 
spectra differs by a factor of 2 to 3 at 5 Hz. 

For SHB ignition in the x direction (Figures 5-61 and 5-68), th<. epea » lllty 
ia reasonable up to 5 Hz, but seems to diverge above tha' , even one 
dlsoounts the questionable speotral response for STS-4 of Figure 5 - 61 . For 
the y direotlon (Figures 5-59» 5-62, and 5-69) the variation between flights 
at 3 Hz and 5 Hz is appreoiable, on the order of factors of 3 to K, The s 
direction (Figures 5-60, 5-63t 5-70) shows the same trend, namely, good 
repeatability for the z direotlon but not as good repeatability for the y 
direotlon. 

It oan be oonoluded that in gener the repeatability for the SRB ignition is 
better than for the 8SNB ignition and that the y direotlon had the worst 
repeatability of the three dlreotlons. The response in the y axis is the 
lowest of the three dlreotlons. The repeatability for the landing event 
(Figures 5-71 and 5-72) is not very good in amplitude but is quite good in 
frequenr/ content. 

In any event, these data form a good basis for the start of a data base and 
oan be used, within the bounds of the frequency limitations of the 
measurements, to determine statlstloal variables for the derivation of design 
forcing function. 


7.0 DIMAMIC miRONMEMT AMD LOADS PREDICTIONS 

Vibration and aeouatle predlotiona for payloads aro disouasad in Saotlons 7.1 
through 7.3 below.. STS flight loads data Is ooapared to analytioal loads 
predictions In Seotlon 7.4. 

7.1 Aooustlo Predictions 

Different aethodologles were eaployed by the DATE Vorklng Group contributing 
oenters in predicting aooustlo environsents for payloads. Though prediction 
•ethods differ, enrlrotuiental predictions fros the rarlous NASA, Air Force and 
industrial oenters for saall payloads are very slaillar. However, there is a 
greater divergence of opinion on how to predict the effect of a large payload 
on the shuttle acoustic envlronsent. 

Prediction Methods froa soae oenters participating in DATE do not Include 
large payload effects at all. The Looldieed Missiles and Space Coapany (LMSC), 
Aerospace Corporation and Jet Propulsion Laboratory (JPL) have aade 
predictions for the sane DOD payload that do agree within ±^.5 ds though they 
were derived Iqr different aethods. The predictions and aethodologles eaployed 
by the oenters participating in the DATE Vorklng Group are suaaarlsed in the 
following sections along with the aethodology used to derive the prediction. 
Current predictions are also ooapared ^o the recently i^evlsed levels 
specified In the Shuttle Payload Aoooanodatlons doouaent (Ref-^renoe 13). 


7.1.1 Jet Propulsion Laboratory Aooustlo Prediction 


The aethod used by JPL to predict shuttle payload aooustlo levels can be 
sunnarlsed In the equation below (Ren'erenoe 21). The JPL aooustlo 
envlronaental predlot^cn of Figure 7-1 for snail payloads (with the large 
payload effect, Ppi ^ q dB) Is the basis for this prediction. The saall 
payload level was based on the space dB average of payload alcrophones for all 


flights. This Is because a dP average Is aore nearly leg noraal. Other values 
for the variables In the equation are noted below. Values for the 
‘ .certalntlK ^ were conservatively esilaated using the available STS data and 
engineering judgenent. Flight to flight variation was estlaated froa the 
scatter of the perlaeter levels about the "all flights" perlaeter nean levels. 
Probability levels for tbe uncertainties were not estlaated, except for the 
spatial variation, because the STS data base was too saall. Microphones In 
the bay perlaeter were excluded to oaloulate the payload bay nean level, P^, 
for a saall payload or eapty bay. Two tines the standard deviation froa P^ 
was calculated and the root sua of the squares was added to the aean along 
with the fllght-to-fllght variation and data reduction errors. Large payload 
effects, P.y were predicted by a ooablnatlon of the results froa PACES 
(Reference 10) and perlaeter flight data. PACES Is a coaputer code that is 
Intended to predict the effect of large payloads on the local acoustic 
envlronaent. The saae value of Pg is vsed for large and saall payloads in the 
prediction calculations. the aaxinua expected acoustic envlronaent, is 

loosely based on the .$7 ^ wcablllty level of the spatial deviation froa the 
nean, P_. p„- la thoui^t to be conservative. However, elnoe the probability 
level or the other acoustic envlronaent uncertainties could not be derived 
froa tbe STS data, a probability level could not be estlaated for 
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vhsre 


♦ Pb +Pp ♦ V ?2g ♦ p2f ♦ Py2]1/^ 


^nz * Naxiaua •zpaotad aooustlo emrlrona^nt. 

p^ s Mean anYalopa sooustlo aovlronaant for small payloads from STS -2 
tbroui^ STS-5 flight data, average in dB. 

p^ » Data reduotion errors; 1 dB. 

« Spatial bias error arising from non-representative positioning or 
»mall number of miorophones; 0 dB. 

Pp s Large payload diametor effect; PACES plus perimeter and or/vent 
noise data (Figure 7-2). 

Pp s Spatial variation uncertainty within the payload bay: 2 sigma jf 20 
payload miorophones, 971 probability (Figure 7-3) • 

Pf s llight-to-flight uncertainty; 1.5 dB (Figure 5-10). 

P^ s Vrbiole-to-vehiole variation; 1 dB. 

Vent noise for small payloads is accounted for in P^^ the mean email payload 
1/3 ootave band level.. 

A prediction for a payload with a large surface near the payload bay doors is 
shown in Figure 7-4. Predictions for the same payload are also pr;asented from 
Looldieed and the Aerospace Corporation. The payload effect, P., was found 
enveloping the results of a PaCBS computer analysis and the pe. imeter data 
from miorophone 9256 (Figure 7-2). Microphone 9256 was between the pallet and 
the orbiter sidewall. Vent noise was not added to the JPL prediction because 
surfaces of iMnoern were not near vents. 


7.1.2 Lockheed Missiles and Space Company Acoustic Predictions 

The Lockheed Missiles and Space Company (LNSC) approach is to derive an average 
small payload level and add to it various factors to account for uncertainties 
and pi^load effects. LNSC acoustic predictions for small payloads are shown 
in Figure 7-I, reproduced from Beferenoe 22. The small payload level is 
derived by averaging all STS-2 and STS-3 data separately and then averaging 
the two sets of data. The level of 955 probability was found and then various 
unoertaanty factors were added. The unoertalnty factors included fllght-to- 
flight variation (3 dB), a correction for removal of the aft therSiJl radiators 
(1 dB), and a forward to aft gradient correction. A prediction for a large 
DOD payload was made with an addition to account for an accompanying payload. 
Payload ef foots are based on 1/4 scale model acoustic tests which were 
performed by BBiR (Beferenoe 10). The resulting predicted level was specified 
without any smoothing of the spectrum (Figure 7-4). The prediotlon 
oaloulatlonA are summarised in Table 7-1* The prediotlon algorithms of the 
Vibroaooustlo Payload Environment Prediotlon System (\APBP8) program 
(Beferenoe 23) are also used extensively in LMSC vibration and acoustic 
predlotlons. 
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Table 7-1. LMSC Acoustic Prediction Factors 
for Large DOD Payload 
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7>1.3 Aerospace Corporation Acoustic Predictions 

The current Aerospace acoustic requlreaent for DOD payloads Is shown In Figure 
7>1 (References 24 and 25). It was developed by enveloping all flight data 
(STS-1 through 5) for alcrophones located within a 9 foot dlaaeter. Three 
dB's were added to account for fllgfat-to-fllght variations and the resulting 
curve was saootbed. A correction Is added If the aft thermal radiators are 
not present (±1.5 dB). A prediction for a large payload Includes a payload 
effect added to this small payload level. The large payload effect correction 
factor which Aerospace uses Is given In Figure 7-5. The aerodynamlcally 
Induced discrete tone noise was adjusted for payload effects. Finally, a best 
fit curve was used to describe the specification level for the large payload 
(Figure 7-4). Figure 7-4 also shows the JPL and LMSC predictions for the same 
large payload. 

7.1.4 Rockwell International/Johnson Space Center Acoustic Predictions 

An enveloping technique was applied to arrive at the empty bay liftoff and 
aeronolse environments from STS-1 through 4, seen In Figure 7-6 (Reference 
14). No other factors were added to the levels. The lift off levels were 
smoothed to obtain the specification level of Figure 7-1. This level has been 
adopted as a minimum safety requirement In the Shuttle Interface Control 
Document (ICD 2-19001) by JSC (Reference 13). 

7.1.5 Goddard Space Flight Center Acoustic Predictions 

The Goddard Space Flight Center (GSFC) small payload level (Figure 7*-1) was 
based on a smoothed envelope of the 97.73 percent probability acoustic level 
and the worst case average of the maximum levels during transonic flight 
(Reference 7). In the 315 Bz 1/3 octave band, the worst case average of the 
maximum levels was used. Payload effects for large payloads are based on 
smoothing and applying the general trend predicted by the PACES program 
(Reference 10). This usually means adding 2-4 dB to the entire spectrum, 
depending on the oharacterlsitlos of the large payload in question. 


7.2 Computerized Acoustic and Vibration Predictions 
7.2.1 PACKS 

The Payload Acoustic Environment for Shuttle (PACES) Is a computer code which 
predicts the Influence of large payloads on the local shuttle cargo bay 
acoustic environment (Reference 10). The program was developed by BBAN (under 
oonuraot to GSFC) by using 1/4 scale model test results and computerized 
prediction techniques. PACES predicts the payload Induced changes In the 
acoustic environment In the air space around payloads. The average change 
within each subvolume surrounding the payload from the empty bay mean level la 
computed by PACES. PACES Is limited to seven air space volumes or subvolumes 
so that results are obtained for gross areas of payload. PACES takes into 
account payload size, the exterior acoustic environment and the anticipated 
acoustic absorptivity. It Is relatively easy to use and can be a useful guide 
In trying to account for large payload Influences on payload bay acoustic 
environments. PACES has been validated based on small payload shuttle flight 
data only. A capability to estimate the variance of the predicted acoustic 
levels was recently added to PACES. 



7.2.2 VAPEPS 


TAPEPS (¥ibroaooustlo Payload Envlronaant Prediction Systeff) Is a data base 
BanageaeDt and vlbroaoouatio predlotloo program developed by LMSC under 
contract to QSFC (Reference 23). It is capable of storing large amounts of 
dynamic test and flight data along with the attending structural 
characteristics. Data Is stored with labels and parameterized structural 
information. Algebraic operations may be performed on the data as well as 
making vibration predictions for new payload configurations. VAPEPS can 
predict acoustic and vibration enviroomenta for payloads on the STS or other 
launch vehicles. Vibration predictions for structures can be made with VAPEPS 
using olassloal analysis methods, statlstioal energy methods or extrapolations 
by structural slmlllarlty. 

Proposals are being developed that will establish centralized data base 
management for VAPEPS. A center is also proposed to coordinate program 
maintenanoe and improvements. Recently, a plotting capability has been added 
to VAPEPS, though its documentation is not yet complete. Other improvements 
to enhance VAPEPS utility and ease of use are being planned. 

7.3 Vibration Predictions 

7.3.1 Rockwell Vibration Prediction 

The Rockwell International high freQuenoy vibration environments were 
developed by enveloping the lift off flight data (Reference 14). Revised 
levels for small longeron-mounted payloads are shown in Figure 5-27 (Reference 
13). Keel levels (Figure 5-33) remain unchanged though existing keel 
vibration data is well below the orlterlt (References 13 and 14). 

7.3.2 Aerospace Corporation Vibration Prediction 

The Aerospace Corporation high frequency vibration envlro. xents were developed 
by enveloping vibration during all flight conditions. 

Figure 7-7 shows the payload vibration levels for the longeron and bridge 
fitting. 


7.3.3 OSFC Vibration Prediction 

Baseline pallet payload vibration has been predicted by GSFC by extrapolating 
the ground acoustic test vibration data based on flight-measured acoustic 
environments (Reference 26). Predictions (Table 7-2) have been made for type 
of structure with general charaote-lstlcs as outlined below. 
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Tabl« 7-2 


BASELINE RANDOM VIBRATION ENVIRONMENT CRITERIA 
FOR SHUTTLE PALLET PATLOAD SUBSTSTSfS FLIGHT LEVELS 


FREQUENCY 

ZONE HZ 


ACCELERATION SPECTRAL DENSITY 
G^/Hz 


Near P/L Trunnion: 


1 20 - 125 

(All Axes)* 125 - 315 
315 - 2000 
OA grmo 


+9 dB/oot 

0.025 <10,000 lb P/L 

-9 dB/oct 

3.1 

Near P/L Keel: 


1 20 - 100 

(ai Axes) 100 - 315 

315 - 2000 
OA grms 

2 20-40 

(All Axes) 40 - 800 

800 - 2000 

OA gras 


+9 dB/oot 

0.01 <10,000 lb P/L 

-9 dB/oct 

2.0 

+12 dB/oot 

0.002 

-12 dB/oct 
1.4 


3 20-40 

(All Axes) 40 - 250 

250 - 2000 
OA gras 


+12 dB/oot 

0.002 

-12 dB/oot 

0.8 


4* 20 - 125 

(Noraal) 125 - 200 

200 - 2000 

OA gras 


+9 dB/oot 

0.10 

-12 dB/oct 
4.2 


4 20-63 

(in-plane) 63 - 200 

200 - 2000 

OA gras 


+12 dB/oot 
0.001 
-9 dB/oot 
0.5 


• Surface Height Density: 0.02 to 0.1 psi. 
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A zone Is defined as a major area of the OSS-1 payload In which 
subsystems can be mounted. For the OSS-1 payload, the determination of a 
particular zone In which a subsystem was mounted Is based on the 
following descriptions: 

Zone 1 — Payload primary structure within proxlm.ity of the payload — 
orblter vehicle separation plane. 

Zone 2 — Payload primary and secondary structure (exclusive of mounting 
brackets) not Included in Zone 1. 

Zone 3 — Payload structures specifically designed for mounting of 
subsystems such as shelving, platforms, or brackets. 

Zone 4 — Payload large surface area lightweight structures at outboard 
areas which respond primarily to acoustic pressure forces. 

7.4 Flight Data and Analytical Loads Predictions 

There are two different objectives for comparing the flight data to analytical 
predictions. One Is to assure that the flight responses are below the design 
conditions and to assess the margin of the design load to the flight load. 
The other objective alms at the reconstruction of the flight conditions to 
verify the methodology for the prediction of the dynamic responses. The first 
objective Is primarily the concern of the engineers responsible for the launch 
vehicle performance. While the payload engineer Is also concerned about 
assuring that the design conditions envelope the actual expected flight 
responses, the payload designer Is also weight limited and hence Is trying to 
reduce the design margins, yet retaining a high confidence In these margins. 
Both objectives require a statistical data base. The payload designer, facing 
more stringent constraints than the launch vehicle designer, seeks a larger 
data base In order to reduce the design margins and Increase the statistical 
confidence level. Since payload Instrumentation Is usually flown only for 
diagnostic purposes, and many programs consist of only one flight vehicle, 
project offices lack the Interest In post-flight data reduction on successful 
flights. The NASA Dynamic, Acoustic and Thermal Environments (DATE) program 
provides a focal point for a well-coordinated research program. OATE-type 
Instrumentation has been flown on STS-2 through STS-5 and these data have been 
disseminated (Ref. 1 through 5), but very little has been done In the 
verification of loads methodology. The available flight data will be compared 
to pre-flight design type levels as well as to post-flight reconstruction 
analyses. 

7.4.1 Comparison of Flight Data With Design Conditions 

The primary objective of such a comparison Is to Insure that the flight levels 
are below the design conditions In order to verify the validity and the 
adequacy of the launch vehlo.\e model and the set of design forcing functions. 
The subject of flight responses versus design load factors is discussed 
extensively In References 27 through 29. Only a few representative examples 
will be Included here. These are obtained from References 8, 29 and 30. For 
^he liftoff analyses Reference 29 uses design cases L0933 through L0943, which 
have been updated using a 4 cycle overpressure wave. Figure 7-8 shows a 
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ooaparlson of tho reeponso spootra for the desisn cases with those obtained 
froB STS-2 through STS-5 for the x direction as aeasured on the aft bulkhead. 
It should be noted that the location of the analytical predictions (x s 
1307 •0> f B 0.0, X s 261.0) differs soaewhat froa the locations of the flight 
aeasureaent (x s 1294.0, y « 3*0, z > 296.0). Data obtained froa a 10 second 
liftoff tiae Interval for the keel y response is shown in Figure 7-9. The 
analytical prediction for these data are at Orblter location (x s 979.O, y s 
0, z s 305.0). Flight data was recorded at (x s 979.0, y 3 9.0, z s 305.O). 
Design levels for the z-dlrectlon are ooapared to flight responses in Figure 
7-10. These data are for the Orbiter left longeron during liftoff. The 
analytical predictions are for a point at (x s 863.0, y s *^94.0, z s 401.8), 
while the flight responses were aeasured at (x s 823.0, y s -100, z s 407.0). 
ill above response spectrua data was calculated with a gain of Q s 25. 

Additional data ooaparlng design levels to flight data for STS-5 at the PAM- 
TBLKSAT/Orblter interface and the PAN/SBS interface are ccntalned in Reference 
29. 

For STS-3 the correlation ooaparlson is based on the data provided by the 
Qoddard space Flight Center (References 8 and 30). These references suBaarlze 
the coaparlson for 8 aooeleroaeter locations on the OSS-1 payload. For 
liftoff the analysis utilized the Shuttle Model M6.0 with noalnal forcing 
function LO9093. For the landing the prediction used the saae Shuttle aodel 
with design naxlauB landing forcing function LB4070 for nose gear landing 
contact at 11.0 feet per second and LB4071 for syaaetric main landing gear 
contact at 6.0 feet per second sink rate. These response spectra were 
generated using a gain factor of Q s 20. 

The locations of the eight OSFC acoeleroaeters are shown in Figure 7-11. 
Typical acceleroaeter responses, each one in the x, y, and z directions for 
points on the payload, have been selected for the comparison of the response 
spectra for liftoff. These ooaparlsons are shown in Figures 7-12 through 
7-14. All response spectra have been calculated for a gain of Q s 20. Figure 
7-15 ooapares results of post-fll^t reconstruction analysis to flight data 
for the aaln landing gear oontaot. Siallar data is shown in Figure 7-16 for 
nose landing gear oontaot. 

The adequacy of the design forcing functions can only be grossly assessed by 
exaalnlng Figures 7-8 through 7~10, which have been derived froa Reference 29 
and ooapare the flight responses froa STS-2 through STS-5 with those obtained 
using design foroing function.) L0933 through L0943. These figures show that, 
in general, for the present data base, flight data and analysis, the design 
foroing function appears to be conservative for all directions, especially 
above 15 Hz. The exception is for the z direction (pitch) at 3 Hz where the 
design foroing function is underpredlotlng the response. 

However, no conclusion can be drawn for the oonservatlveness above 15 Hz 
because the apparently low level flight data in Figures 7-8 through 7-IO above 
12.5 Hz is beyond the practical digitizing Halt (8 points per cycle) laposed 
by the PCM saaple rate (100 saaples per second) of the DFI Systea. To tapllfy 
this reaark it should be noted that the OSS-1 data (Figures 7-12 throu^ 7-14) 
show significant response above 12 Hz. 


99 


Tb6 UDdsrpr^dlotlOD of tho z rosponso is of oonoern to some payloads, 
partloularly thosa utilising larga transfer stages which have resonances in 
this region. 

For STS-3 the nouinal forcing function, L09C93» was used in the reconstruction 
analysis. Typloal results are shown in Figures 7-12 through 7-15 for SRB 
ignition (taken fron Reference 3P). These figures t:bow that the analysis 
soMwbat overpredloted the responses for all directions. The overpredlotion 
la aore pronounced for the landing event, as shown in Figures 7-15 and 7-I6. 

7.4.2 Coaparison of Flight Data Vitb Post-Flight Correlation 
Analyses 

The objective of such coaparisons is to evaluate the load prediction 
aethodology. Such evaluation addresses aalnly the fidelity of the launch 
vehicle and payload aodels as well as the forcing function. The forcing 
function is reconstructed froa flight measurements such as pressure 
transducers. In contrast to comparing flight data to design levels, this 
ooaparlson does not account for any dispersions in the forcing functions. The 
post-flight correlation analyses alas at reconstructing the flight levels 
using the best available data for a particular flight. Post-flight 
correlation analyses have been performer* for STS-5; these are documented in 
Reference 29. Only representative examples will be presented here. These are 
the data froa the three aooeleroaeters mounted at the SBS/PAM-D interface as 
shown in Figure 7-17> For the correlation analysis the analytical forcing 
function was based on measured STS-5 thrust buildup of both the Space Shuttle 
Main Engines (SSME) and the Solid Rocket Boosters (SRB). These reconstructed 
forces used a 4 cycle overpressure wave which is also used for design forcing 
functions L0933 L0943* The aaplitude of the nominal overpressure was 
reduced by a factor of 0.7I to discount for the dispersions of the design 
oases. 

Response spectra data is shown in Figures 7-1 8 through 7-20 for SRB ignition. 
The ooaparlson shows that there is severe underpredlctlon at 3 Hz for both the 
X and z dlreotlons as well as severe underpredlctlon of the response in the 20 
to 30 Hz region for the y direction. The response in the x and z dlreotlons 
above 10 Hz is predicted reasonably well. 

Based on the data available at the tine of this report, it is concluded that 
the forcing function and/or the structural model ai^t be conservative between 
15 and 30 Hz. However, a larger data base is necessary for a further 
assessnent of this potential oonscrvatlveness. 

The underpredloted response near 3 Hz seems to be real, but it could be 
attributed to either the forcing function or the structure model. 
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Figure 7-1. Small Payload/Empty Bay Acoustic Prediction Comparison 
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Figure 7-2. JPL STS Large Payload Acoustic Prediction 



1/3 OCTAVE FREQUENCY, Hz 
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Figure T-4. Large Payload Acoustic Prediction Comparison 


104 


ADD ADJUSTMENT TO MAXIMUM EXPECTED 
SHUTTLE PAYLOAD BAY ACOUSTICS 



Figure T-5- Aerospace Corporation Adjustment for Large Payloads 
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Figure T-10» Response Spectra, Comparison of Design Conditions With Flight Data, 
Liftoff, SSME Ignition +10 Seconds, Left Longeron, Z Direction 
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Figiire 7-11 • GSFC-Installed Measurement Locations on OSS-1 
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Figpire T-17. Location of SBS/PAM-D Accelerometers, STS-5 
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Figure 7-20. Response Spectra, Comparison of Reconstructed Liftoff Analysis to 
STS-5 Flight Data, SRB Ignition +3 Second.- , PAM-D/SBS Interface, 

Z Direction, Accelerometer POIAOOOIA 


116 



8.0 nUttD ACT l f l T IE S 


Several studies related to shuttle dynaalo environments are proceeding or are 
being proposed to study aspects of the shuttle environments that are not well 
understood. Studies are under way at GSPC, Rockwell International and the 
Aerospace Corporation to determine the relf^tlve Influence of the payload bay 
acoustic environment and the orblter payload bay structural vibration. Loads 
and random vibration criteria will be updated as a result of these efforts. 
Data from STS-2 and STS>t Indicates that low frequency Inputs (below 125 Hz) 
to payloads from the orblter are higher than expected. This was determined by 
comparing flight pallet responses to ground acoustic test response. Lockheed 
and Rockwell are also studying the frictional forces at payload trunnions. 
This will Indicate how much vibration Is transmitted through the trunnion In 
non-load bearing directions. 

Studies of the payload bay pressure equalization vent noise are being planned 
by the Aerospace Corporation. A vent may be tested In a wind tunnel to study 
the cavity resonance characteristics of the vents. Currently, Rockwell 
International Is studying the feasablllty of closing vents during liftoff but 
there are no definite plans to develop a fix for quieting the vent discrete 
tones. 

Hughes has tested a spacecraft In a reverberation chamber with localized 
discrete tones and assessed the Impact on a spacecraft structure. Locldieed 
and the Aerospace Corporation are contemplating this type of simulation of the 
vent discrete tones for future tests of the Space Telescope and Air Force 
payloads. 

Instrumentation for payloads Is being planned at a number of centers. GSFC 
plans to take measurements on several NASA pallet-mounted payloads. The 
Centaur upper stage will be extensively Instrumented on Its first flight by 
the Lewis Research Center (LeRC). Galileo will have some instrumentation 
added by JPL and the Ulysses Project (formerly the International Solar Polar 
Mission) Is being Instrumented by LeRC. The Air Force plans measurements on 
several of Its payloads. To facilitate these measurements the Air Force Is 
developing a data recording system, the Orblter Experiment Autonomous 
Supporting Instrumentation System (OASIS). The Air Force has also proposed a 
new data acquisition system that will not require STS power. Payload bay data 
recorded on OASIS will be documented In post flight reports and In summary and 
conclusion reports by JPL. 

There are plans to update the VAPEPS program by adding a data dictionary and 
verifying Its dynamic environment prediction methods. LNSC plans more 
elaborate modeling of payloads, similar to that In VAPEPS, for vlbroaooustlo 
predictions. 

Forcing functions for the transient loads analyses for both the liftoff and 
landing event are being reviewed by both NASA JSC and Rockwell International 
using flight data obtained to date. Revised forcing functions for liftoff 
will be released to the payload community In the near future. 
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9.0 COKLBSnaS 


9.1 Aooustlo Data 

Tha rasulta froa tba aaoustlo data are suBaarlzad below: 

1. The aazlBUB overall aean aooustlo envlronaent for saall payloads, 132 
dB, ooourred at liftoff. A few frequenoles are doalnated by transonic 
aerodynaalo noise. 


2. The aooustlo envlronaent overall aean level at pallet payloads was 13 dB 
below the pref light JSC Voluae 14 requlreaents. Measured levels below 125 
Hz were nearly the saae as the original requlreaent. The JSC Toluae 14 
requlreaent has been revised on the basis of flight data to 138 dB 
overall. 


3. The aooustlo envlronaent Is relatively unlfora for snail payloads except 
near the payload bay perlaeter. In partloular, there seen to be higher 
levels near the payload bay doors. 


4. The saall pallet payloads flown on STS-1 through STS-5 have negligible 
effect on the local acoustic envlronaent. The exception Is that higher 
aooustlo levels will exist where a payload surface Is near the bay 
longeron bridge fitting plates or payload bay doors. 


5. Large payloads aay have a significant effect on local aooustlo and 
vibration levels. Data froa ESA pallet outer side walls and the Spaoelab 
show local Increases In envlronaents due to large payloads. Model data 
and analytical predictions support the conclusion that large payloads can 
Increase local aooustlo envlronaents. 


6. The payload bay acoustic envlronaents nay be divided ln»o two 
characteristic regions at the bay perlaeter and the bay "core* region or 
at saall payloads. For saall payloads or eapty bay the payload region 
extends nearly to the bay sidewalls. Mean levels at the bay perlaeter 
were 3.5 dB higher than at pallet payloads for Flights 1 through 5 and 
exhibited a greater variance. 


7. There are high Intensity discrete tones eaanatlng froa the payload bay 
pressure equalization vents during transonic flight. Multiple discrete 
tones are centered In the 315 Hz 1/3 octave band. In general, these 
discrete tones will only Influence payloads In the vicinity of the vents. 
The Intensity at each vent depends on the direction of air flow through 
It during transonic flight. Bone vents Ingest air while others expel It 
froa the bay. 
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8. Fllght-to-f light variation was approximately '•I. 5 dB in each 1/3 octave 
band for the first 5 flights. Configuration and launch site changes 
oould influence flight-to-flight variations, but these effects should be 
snail. Model tests perforned by the Aerospace Corporation show that 
launch pad effects at Vandenberg should not be significant. 


9. Other uncertainties have been determined for the vlbroacoustic data base. 
These uncertainties include: 

a< Spatial variation, calculated as probability levels, 
b. Spatial bias errors, negligible for payload microphones, 

o. Data systoB/reduotlon errors, dB overall. 


10. There is not total agreement among DATE Working Group members on whether 
or not to make large payload acoustic environment corrections. However, 
among 3 centers that do account for payload effects, prediction results 
agree well for a DOD large payload. 


9.2 High Frequency Vibration Date 


1 

J 



1. The most severe vibration environment occurred during liftoff in general, 
although in some oases the vibration environment was dominated by 
transonic flight for certain frequencies. 


2. Vibrations at pallet trunnions are well below those seen at the payload 
bay longeron. Levels on the pallet experiment support bracket or bard 
structure were attenuated more than 10 dB below pallet trunnion levels. 





3. Requirements for small psqloads mounted to the payload bay longeron have 
been increased because of hl^er than expected vibration. 


4. Vibration at the pallet shelves was the most severe measured on the 
pallet payloads for STS>2 and 3. 

5. High frequency shook responses were not severe on the first five flights. 




6 . 


Orblter structure Induced vibration may be higher at payloads than 
antlolpated below 125 Hx. The acoustic transfer function for STS payload 
vibration is not well understood at this tine. 
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9.3 Low Fraqueaoy Tlbratlon Data 

In tb« loads or lov froquenoy (0-50Hs) roglne the worst levels were observed 
during liftoff and landing. 

Qenerally, the responses during liftoff were well below those of the design 
load factors » as shown In Table froa Reference 31. A ooaparlson of the 
ooapoolte shook spectra of the flight data for STS-2 through STS-5 (Figure 
9-1) to the ooaposlte of the analytioal oases shows that the excitation at the 
higher frequenoies is o/er-predloted and there Is underpredlotion at the low 
frequencies, specifically at 3 Hz. The comparison In the x direction is 
somewhat better than In the y and z directions. A comparison of the quasl- 
statlo load factors measured In the first five flights with payload design 
requirements Is shown in Table 9-2. Tho landing conditions, shown In Table 
9-3, are all below the design requirements. On STS-S the landing conditions 
were near the limit. The landing load factors (Table 9-4) were also generally 
below design values. There was a y response on the keel which exceeded the 
design condition. The discrepancy between the flight data and the analytical 
predlctlcns at 3 Hz and in the 12-50 Hz reglcn is of concern to many payloads. 

Repeatability for liftoff appears reasonable In the x direction up to 5 Hz, 
but seems to diverge above that. For the y direction the variation Is 
appreciable. The z direction shows the beat correlation for liftoff. In 
general, for the liftoff event, It can be stated that the repeatability for 
the SRB Ignition Is better than for the SSME Ignition. 

The repeatability for the landing event Is not very good In amplitude but 1^ 
quite consistent In frequency content. 


120 


Table 9-1. Maximirn Load Factors for STS Lift-Off I'roin the 
Orbiter Lov-Frequency Accelerometers 
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Table 9-2. Shuttle Quasi-Static Load Factors on STS-1 Through STS-5 
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Table 9-3. Landing Touchdown Conditions in Shuttle Test Flights 
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FREQUENCY, Hz 


Figure 9-1* Shock Spectra of Left Longeron Zq Load Factor at Xq 823 for Flight 
Data and Analytical Design Cases, SRB Ignition to +3 Seconds 


9.4 Data Daflolenolea 

9.4.1 Aooustloa and High Prequanoy Vibration 

There la generally good agreement among the NASA and Industrial centers In 
defining the ‘^noustlo environment for pallet payloads and the vibration 
environment at the arbiter pallet attachment structure. However, there are 
still significant uncertainties in the definition of these environments. The 
data deficienoies are divided into five major areas of concern: a) the 
acoustic envlronKent at liftoff, which la the highest broad-band noise event 
in the payload bay, b) the acoustic environment during transonic flight, 
which is characterized by higher level discrete noise emanating from the 
pressure equalization vents, o) structure -borne vibration induced from the 
orblter into payloads, d) the effects of launch vehicle configuration 
differences or changes on the payload bay environments, and e) the effects of 
the difference between the KSC and TLS pad and terrain on the environments. 

The deficiencies in the liftoff acoustics data result from the lack of 
measurements in the forward one-third of the cargo bay, no definition of the 
effect of large payloads on the bay environment, and the low signal to noise 
ratio which compromised the validity of the high frequency data. The greatest 
concern is centered on the effects of larse payloads on the environment. 
Model data and limited flight data indicate that large payloads can have a 
significant effect on the local acoustic environment. The lack of data for 
the forward one-third of the bay was also a concern, particularly in view of 
the high-level microphone measurement on the forward bulldiead. The lack of 
valid high frequency data is due to the relatively benign levels measured; 
however, this environment remains undefined. 

The inadequate definition of the higher -level discrete noise emanating from 
the pressure equalization vents has been identified as the major data 
deficiency for transonic flight. Based on the limited data available near the 
aft vents, transonic flight vent noise would be a significant acoustic event 
for payloads located in the vicinity of the vents. However, the trend of the 
data measured near the vents is inconsistent, the forward vent environment is 
unknown, and the effects of large payloads on the localized acoustic 
environment near the vents are also unknown. 

Comparing flight vibration measurements on the OSS-1 pallet payload to 
vibration response measurements obtained from the pallet ground acoustic test 
showed that the orblter may induce significant mecbanlcally transmitted 
vibration in the lower frequencies (below 125 Hz). A similar effect was 
observed on the STS-4 pallet payload. A major flaw in payload design and test 
requirements may exist and an adequate data base is required to characterize 
the mechanically transmitted vibration for the range of anticipated STS 
payload masses and structural configurations. 

Other areas of flight data deficiencies are the effects of vehicle 
configuration changes and launch sites on the payload environment. The 
differences between the KSC and VLS launch pads have a great potential for 
causing major differences in the payload environments; a data base for VLS 
launches will be required to define the differences. Other areas that can 
affect payload environments are STS engine upratlngs and changes in the STS 
configuration. 
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9.4.2 Lov Fr«qu«ooy 71bratlon 

Dafloienoea In the lov frequency data base are discussed by the subheading 
belov. 

FrMwamr 

The DPI accelesH>aeters had a response lisitation of 20 Hs (or sore accurately, 
a flat response spectra to 14 Hz) while the DATE aceeleroseter seasurenents 
were good to SO Hs (or sore accurately, a fist response spectra to 18 Hz). 
The usefulness of the DPI data was further limited by a saspling rate of 100 
sanples/seoond, Soae of the DATE aooeleronetera did not aeasure the DC 
ooaponent, responding only abore 1.5 Hz. This aakes correlation of the loads 
data difficult slnoe such instruaents produce erroneous data at the initiation 
of transients. Por purposes of loads ▼erifioatlon, instruaentation with a 
flat frequency response froa 0 to 50 Hz is required. 

MfjgWWWaV LMEUOBg 

Soae aeasureaents were not suitable for a systeaatlo analysis verification. 
This is especially true where the input to a payload was not ooapletely 
defined, that is, where not all pertinent input degrees of freedoa were 
aeasured. This is further ooaplloated by the friction found in the trunnions. 
Measureaents on both side of the payload/Shuttle interface are desirable but 
were not always lapleaented. 

j 

ModalEUamz 

Soae of the payload dynaalo aodels for STS-2 through STS-5 were not adequately 
test verified. Hence, it is not known if the noted discrepancies between 
analysis and flight responses are attributable to the Shuttle model, payload 
aodel, or forcing function inadequacies. 

Data Base 

Although the lov frequency acceleration aeasureaents froa STS-2 through STS-5 
have produced valuable data, there are lialtatlons which aake the data base 
Inooaplete. First, the data is valid for Orblter Tehlcle (OV) 102 only. 
Structural differences between this vehicle and other Orblter vehicles limit 
the validity for the extrapolation of payload loads for the other Orblter 
vehicles. Purtheraore, the data obtained was for llgnt-welght payloads only 
and t^ere were no alleviated eleaents. Data for orosswind and high sink rate 
landings is also lacking. STS-3 did have a high sink rate but constitutes 
only one data point. Finally, four flights are too Halted in nuaber for a 
representative data base. Cu^er considerations for a complete data base are 
launches froa TLS and anticipated changes in the launch vehicle such as engine 
characteristics and structural chcuiges in the SRB's and the ET. 
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A nuaber of tasks «*s raoMBsndsd as follov-on aotlvltles to the current DATE 
effort. laproving the data base and analysis aetbods will lead to lover 
margins and projeot oosts. In general these tasks Include: 

1. Establish an expanded STS loads and vlbroaooustio data base. 

2. improve large payload and payload proximity effect methodologies. 

3. Refine (diaraoterlsatlon of the pressure equalization vent noise. 

4. Determine payload vibration transfer functions from the STS acoustic and 
vibration envlrouent. 

5. Develop a transient loads and acoustically induced environmental 
criteria. 

6. Refine the VAPBP8 program and its payload piedlction methoda. 

7. Define the launoh environments at the 7LS. 


10.1 STS Dynamic Data Base 

10.1.1 Vibration and Acoustic Data Base 

A data base should be established that Includes data taken on non-DATE 
payloads. The data should be documented in post flight reports and in Summary 
and Conclusion reports similar to this report. It is recommended that the STS 
vlbroacoutlo data base be expanded in the folloving spociflc areas: 

Include available vibration and acoustic data from all 
instrumented STS payloads in the STS data base. 

The STS data signal to noise ratio should be improved so that high 
frequency acoustics and pallet hard points vibration may be 

measured. 

The recording of vlbroaooustio data at ocmmon points in the bay for 
each flight should continue. Acoustic aeas(u*ement locations should 
include the bay sidewall and bulkhead locations identical to those 
in STS 1-5* Vibration measurements should include data taken cn 
el*'her side of pallet trunnions, the orblter bay trunnion support 
struoture. Ground acoustic tests should be planned to supplement 
the orbiter flight data. This will allow further study of the 
vlbroaooustio transfer functions of payload vibration responses. 


126 


Instruneatatlon of future payloads should be carefully planned, 
particularly for large payloads. Transducer locations should be 
planned to include measureaent of the discrete tones near the 
pressure equallzat.lon vents, as well as the environment at the 
forward 1/3 of the payload bay, and the airspace near the bay doors. 
Measureaents should be devised to define large payload mass 
attenuation factors. 

Eoth the orblter and the launch facility should be Instruaented for 
VLS launches. 


10.1.2 Low Frequency Data Base 

Future data acquisition should be directed mainly towards verifying basic 
loads methodology and towards providing an adequate statistical data base to 
provide the desired level of confidence, that is, a methodology which would 
predict payload loads to acceptable but not excessive levels of 
oonservatlveness. It is generally agreed (Refs. 17 and 30) that Improved 
correlation is required between analytical predictions and flight data. 

To this end additional effort should be directed towards analyzing data and 
analysis/flight data correlation. Future data acquisitions should be directed 
towards the original objectives of the NASA DATE Program. Well planned and 
analyzed experiments should be flown, completely characterizing the input and 
responses of the payloads. To Implement this, supporting technology for the 
application of flight data for the design of payloads is required. 

In building a data base for loads prediction purposes, special attention 
should be paid to account for all the variables such as structural variations 
in the launch vehicle and payloads. It is Important that data be obtained for 
a variety of payloads, specifically heavy payloads and payloads utilizing load 
alleviation. Data from STS-2 through STS-5 and only for OV-102 is not 
considered a satisfactory data base. Flight response measurements in the low 
frequency regime must be made on both sides of the payload/Shuttle Interface 
and must completely define the input to the payload. Such instrumentation 
must be phase correlated, and have a flat frequency response in the 0-50 Kz 
region. A sampling rate of no less than 500 samples/seoond is desirable. The 
Instrumentation should be well planned using preflight analyses. Typicedly, 
such instrumentation should measure the responses of the major payload masses. 
Ideally, such measurements should consist of a combination of DC 
accelerometers, strain gauges, and deflection transducers. 

A representative statistical data base is desired for the development of 
design forcing functions. Factors in the development of such forcing 
functions are: repeatability of data, adequacy cf the current design forcing 
functions, and the adequacy of the current methodology, that is, how well can 
the responses be reproduced by post-flight analysis using forcing functions 
derived from flight measurements. 

Other recommendations include the acquisition of data for crosswlnd and high 
sink rate landings, data for the Western Test Range (WTR), expected to be 
different from Eastern Test Range (ETR) data due to launch stand differences, 
and a minimum level of data for all future flights to evaluate fllght-to- 
fligbt variations. Special attention should be directed to the acquisition of 
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flight data for the Ttrlfloatlon of ti e effect of trunnion friction on payload 
loads. This will require aeasureBents on both the payload and Orbiter side of 
the interface. 

The benefits of flight instnuientation are oost-effective analysis techniques 
leading to increased reliability, lower structural design margins, lower 
struotural weight, and lower cost for analysis and test. 

10.2 Large Payload Methodology 


Baplrloal methodologies should be developed to account for payload position 
and large payload effects in the payload bay. Payload effect prediction 
curves should be developed for various large payload configurations and 
payload/or biter proximities. Data from model tests on large payloads should 
be included in the development of these methodologies where appropriate. The 
PACES code should be revised on the basis of acoustic data taken on larse 
payloads. 

Low Frequency (0-50 Hz) flight response data should be obtained for large, 
heavy payloads, preferably payloads utilizing an upper stage such as lUS or 
Centaur. These data should be compared to analytical predictions. Such a 
comparison should include a study of the effect of trunnion friction. 

10.3 Tent Tone Definition 

pressure equalization vent dlsorete tone environment should be deff'^ed 
with sound power levels and sound pressure levels versus distance for <>aAh of 
the 8 bay vents. The feasibility of performing wind tunnel tests to 
oharaoterlze this noise source should be determined. A vent tone model should 
be developed that will predict tone Intensities at payloads, and the effect of 
the vent dlsorete noise on spacecraft structures should also be studied. 

10.4 Tlbroacoustlc Transfer Functions 

Payload response vlbroaooustlo transfer functions response need to be 
developed. Current vibration specifications nay be deficient for frequencies 
125 Hz. In addition, the difference in acoustic efficiency (of 
vibration exclUtlon in payloads) between STS flight and acoustic tests should 
be defined. 


10.5 Loads Combination Methodology 

A methodology for combining transient loads and acoustically Induced loads at 
payloads should be developed. This problem is currently under study at 
Rockwell International, QSFC, and Aerospaoe Corporation. 


Additional flight data should be obtained to resolve the discrepancy between 
the flight responses and the analysis in the 12-50 Hz region. To aooompllsh 
this, instrumentation and a data acquisition system are required which 
guarantee a phase correlated frequency response flat to 50 Hz. • 
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10.6 VAPEPS Improveaeut 


Proposala are being prepared that will create a center for centralized VAPEPS 
data baae management. Eventually, it is hoped that this data base will be 
aooesalble to users by remote site computer terminals. This center will also 
coordinate program maintenance and Improvements. An Independent validation of 
VAPEPS modeling and prediction methods Is also being proposed. 

The data management portion of VAPEPS should also be revised to Include a data 
dictionary that will make the program easier to use. 

10.7 Western Test Range Environment and Forcing Functions for Loads Analysis 

The acoustic environment at the Western Test Range should be defined and 
compared to scale model test results and to the Kennedy Space Center launch 
levels. 
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